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Acetylcholinesterase  (AChE)  enzyme  has  a  major  physiological 
function  in  humans  in  ensuring  that  najrotransmission  is  of  finite 
duration  by  cleavii^  neurotransmitter  acetylcholine  at  the  nerve 
j\jncticns.  Ihe  organophosphorus  nerve  agents  inhibit  this  process  by 
irreversibly  phosphonylating  or  phosphorylating  the  enzyme,  which 
results  in  elevated  levels  of  acetylcholine,  causing  convulsion, 
nusculcu:  peiralysis  auid  death. 

Inhibited  AChE  can  be  reactivated  by  coTventicxTal  nuclecphilic 
antidotes  such  as  2-PAM  and  ObicJoxiine.  However,  the  inhibited  enzyme 
"ages"  fran  a  reactivatable  phosphate  triester  state  to  a 
nonreactivatable  pho^iiate  diester  anicxi  or  an  analog  thereof,  vMch  is 
extremely  inactive  towarc3s  any  nucleophiles  due  to  anionic  repulsion. 
So  far,  no  antidotes  have  been  shown  to  reactivate  the  aged  enzyme. 
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A  series  of  molticaticaiic  nuclecphiles,  neonely,  excessively 
charged  nuclecphilic  reagents  (ECNR) ,  sane  having  surface  activity,  have 
been  designed,  synthesized  and  investigated  for  the  hypothesized  mode  of 
action:  (a)  neutralization  of  repulsive  charge  and  (b)  sinultanecus 
nuclecphilic  attack  against  the  aged  enzyme  models  such  as  pho^jhate 
diester  and  pho^iTonate  mcnoanions. 

Ihe  ECNR  carrying  hydroxamate  anion  shewed  hydrolytic  cleavage  of 
the  nonoanions  with  40-to  2,600-fold  rate  enhancement  at  pH  9.5.  Ihe 
reaction  appears  not  to  be  influenced  by  micellar  action  but  takes  place 
by  the  hypothesized  mode.  The  ECNR  carrying  aximate  aniens  were  less 
effective  against  the  aged  enzyme  models.  Both  types  of  ECUR  shewed 
rapid  acceleration  of  hydrolysis  of  organcphosphate  triesters.  Seme  of 
the  ECNR  should  have  in  vivo  applications. 

Decontamination  by  hydrolytic  cleavage  using  positive  halogen 
sources  is  one  effective  method  to  decCTitaminate  nerve  gas  and  nustard 
agents  in  field  or  under  various  environmentcil  ooTditions.  Seme  stable, 
water  solx±>le,  "soft"  braninating  N-trano  2-oxazolidiiicaie  systems,  as 
well  as  an  N-brcno  glyoouril  system  with  increased  molar  positive 
brcmine,  were  designed,  synthesized  and  investigated  for  use  as 
universal  decontaminants.  Ihe  water-soluble  2-oxazolidinane  system 
shewed  high  stability  and  activity  against  both  mustard  and  nerve  gas 
(arganoFhosphate)  agent  nodels.  The  glyccuril  system  is  exceptionally 
stable  as  a  solid. 
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All  synthetic  strategies  ani  methods  to  target  molecailes  and  the 
strcjctural  characterizatican  of  products  and  side  products  as  well  as 
physical-chemical  stuiies  and  kinetic  processes  are  discussed. 
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CHAPTER  I 
INIRDDUCnON 


This  thesis  will  examine  the  design,  synthetic  methods,  and 
evaluation  strategies  that  are  relevant  to  sucx:essful  develcpnent  of 
potential  reactivators  (antidotes)  of  organopho^Dhate  blocked  "aged" 
acetylcholinesterases  (AChE)  and  a  new  class  of  decontaminants  of 
organophosphates . 

Pharmacoloav  of  Acetylcholinesterase  and  Orcranophosphate  Poisoning 
Ihe  organc^osphate  anticholinesterase  agents  (nerve  agents)  are 
hi^ily  toxic  derivatives  of  phosphonic  and  phosphoric  acid. 
Representatives  of  this  class  of  oaipounds  have  widespread  use  in 
agriculture  (e.g.,  parathion,  malathion) ,  pharmacology  and  medicine 
(e.g.,  DFP,  paraoxon),  ard  are  of  corK:em  to  the  military  because  of 
their  application  as  chemical  weapons  in  war  (e.g.,  tabun  [GA] ,  sarin 
[VD]  and  [VX] ) .  Ihe  structures  of  these  ccrpounds  and  rat  11^  values 
are  given  in  Figure  1-1. 

All  of  these  organophosphates  elicit  their  prijonary  effects  by 
phosphorylating  or  phosphonylating  the  serine  hydroxyl  group  at  the 
active  site  of  the  enzyme  acetylcholinesterase,  causing  essentially 
irreversible  inhibition  of  the  enzyme.  Differences  in  their  ultimate 
pharmacological  effects  and  their  lethality  (toxicity)  are  derived  from 
their  relative  ability  to  penetrate  into  the  central  nervous  system 
(CNS),  their  rate  of  reaction  with  AChE,  and  their  selectivity  for 
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reaction  with  the  enzyme  at  specific  loci,  and  their  behavior  (e.g., 
aging)  once  attached  at  the  active  site  on  the  enzyme. 

i  -  C3H7O  \  9 
(CH3)2N     p  \/ 

CaHsO^'^N  CH3      F 

Tabun  (GD)  Sarin  (GB) 

LD50  0.20  0.14 


CH3 
t-Bu-C-0.  .0  C2H5O.  -O 

H         ^P 


r\/  "'\p/ 


P-L  ^SCH2CH2-N(i-C3H7)2 

CH,  ^  ^"^3 


■"3 

Soman  (GD) 
LD50  0.10 


vx 

0.02 


-x/         _  -3H,0  O 


Eto'^    ^O-^        VnOs  i-C3H70 


Paraoxon 
LD50  0.50 


DFP 

3.00 


LD5o(rat)  mg/kg,  Route  sc 
Figure  1-1:  Organcphosphorus  antidiolinesterase  agents. 
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Nn-rmal  Function  and  Inhibition  of  AC3iE 

Acetylcholine  is  found  as  a  metabolite  in  hi^  concentrations  in 
nervous  tissue  and  in  nctor  nerve  tracts,  as  an  active  neurotransmitter 
substance.  When  a  nerve  cell  enervates  a  inascle  fibre,  the  nerve-cell 
endirg  at  the  muscle  junction  forms  a  morphologiccaiy  distinct  and 
functicxially  discrete  contact  called  a  synapse.  Ihis  is  a  gap 
(typically  of  about  500  A)  between  the  presynaptic  nerve-ending  membrane 
and  postsynaptic  membrane  of  the  muscle-cell  membrane.  This  interaction 
transmits  a  depolarization  signal  to  the  muscle  membrane  in  a  manner  as 
yet  inperfectly  understood. 

The  physiological  role  of  acetylcholinesterase  is  to  ensure  the 
nerve  inpulse  is  of  finite  duration  by  Icwering  the  acetylcholine 
concentiBtion  in  the  cleft  via  hydrolysis.  This  enzymatic  cleavage  will 
lower  the  ooncentraticxi  of  free  acetylcholine  in  the  synaptic  cleft,  and 
the  resultirg  perturbaticai  of  equilibrium  will  induce  dissociation  of 
the  acetylcholine-acetylcholine  receptor  ccnplex,  turning  off  the  signal 
to  the  muscle  cell.  Active  acetylcholinesterase  is  crucial  for  normal 
neuronascular  function,  and  inhibition  of  this  enzyme  produces  tetanic 
shock,  with  eventual  muscle  paralysis.  In  severe  cases  asphyxiation  can 
result.  Not  surprisingly,  this  enzyme  is  a  target  for  nerve  agents  and 
insecticides  such  as  Soman  and  diisoprcpylphosphofluoridate  (DFP) . 

AOiE  is  loosely  associated  with  postsynaptic  membrane.  As  a 
catalytic  entity,  AQiE  is  remar)cably  efficient,  with  a  turn  over  number 
(^t)  °^  25,000  sec'^  and  will  cleave  a  substrate  molecule  once  every  40 
usee.  The  active  site  of  AChE  as  depicted  in  Figure  1-2,  is  considered 
to  consist  basically  of  two  subsites:  an  anionic  site,  possibly 
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r^resented  by  a  glutamate  ion,  and  an  esteratic  site,  located  about  2.5 
A  frtxn  the  anionic  site  which  has  been  shown  to  incorporate  a  serine 
iroiety  ard  may  contain  a  histidine  residue  (pK,  7.2)  and  a  tyrosine 
residue  (pK^  9.3).'  A  hydrophcbic  area  at  the  active  site  is  also 
indicated. 

In  normal  functioning,  acetylcholine,  after  acting  at  a 
cholinergic  receptor,  ccnplexes  reversibly  with  the  active  site  of  the 
enzyme.  In  a  fast  step,  the  acetyl  group  is  transferred  from  the 
acetylcholine  molecule  to  a  serine  hydroxyl  group,  forming  acetylated 
enzyme  and  releasing  choline.  This  is  followed  by  a  rate  limiting 
hydrolysis  of  the  acetate  ester  group,  presumably  acid  catalyzed  by  the 
imidazolium  ion  and  possibly  also  aided  by  nucleophilic  action  of  the 
tyrosine  hydrxsxyl,  releasing  acetate  anion  and  providing  reactivated 
enzyme  available  to  hydrolyze  another  molecule  of  acetylcholine.  The 
released  choline  is  transported  back  into  the  nerve  ending  for 
reconversion  to  acetylcholine  and  storage. 

It  is  recognized  that,  although  the  active  site  has  been  fairly 
well  elucidated,  acetylcholinesterase  is  an  enzyme  of  highly  complex 
structure  that  has  by  no  means  been  fully  characterized.  The  enzyme 
appears  normally  to  consist  of  several  submits,  and  enzyme  obtained 
from  different  species  and  different  tissues  (e.g.,  erythrocyte  vs. 
brain)  can  show  significant  guantitative  differences  in  sensitivity  to 
organophosphorus  agents  and  ability  to  be  reactivated  after  inhibition. 


Hist  Ser 

ESTERATIC  SITE 


Tyr 


ENZYME  SURFACE 


Glu 
ANIONIC  SITE 


Step  1 
Enzyme —  OH 

Step  2 


O 

II  + 

CH3C-OCH2CH2N(CH3)3 

Acetylcholine 


Complex 


Enzyme-0-CCH3  + 


HOCH2CH2N(CH3)3   (Choline) 


Step  3 


H,0 


Enzyme-OH        + 


Rate-limiting 


CH 


I 


3^--0 


H,0^ 


Figure  1-2:  Normal  functioning  of  acetylcholinesterase. 
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ThB  orgcincFhosphorvis  anticholinestxases  react  rapidly  with  the 
enzyme;  the  nerve  agents  react  particularly  rapidly.  A  lethal  dose  of 
Sonan,  for  exairple,  will  have  corpletely  reacted  within  minutes  of 
administration  to  an  animal.  A  hypothetical  formilaticai  of  the  process 
is  deleted  in  Figure  1-3.  The  more  potent  organcphosphorus  agents 
react  so  r^idly  with  enzyme  (in  seconds),  initicil  kinetic  studies 
indicated  the  reaction  to  be  a  sinple  bimolecular  process  without 
intervention  of  a  binding  caiplex  of  the  reversible  Michaelis^fenton 
type.  Since  the  reaction  is  stoichionetric,  one  molecule  of  inhibitor 
abolishing  the  functioning  of  one  enzyme  active  site,  the  extreme 
toxicity  of  the  organcphosphorus  agents  can  be  understood  vdien  one 
considers  that  acetylcholinesterase  is  present  in  the  body  in  only  small 

amounts. 

Ihe  organc^iiosphorus  esters  act  by  acylating  the  serine  hydroxyl 
group  at  the  active  site  of  AChE,  causing  essentially  irreversible 
inhibition  of  the  enzyme  with  consequent  elevatiwi  of  acetylcholine 
levels.  Acetylcholine  accumulates  in  the  peripheral  and  central  nervous 
system  (CNS) .  Ultimately,  at  sufficiently  hi^  level  there  is 
d^ression  of  the  respiratory  center  in  the  brain  abetted  by  peripheral 
neuronuscular  blodcage,  causing  respiratory  paralysis  and  death. 
Generally  more  lipophilic,  organcphosphorus  esters  show  high 
neurotoxicity  as  the  result  r^id  penetration  to  the  CNS  system. 
However,  the  acute  toxicity  effects  of  the  organcphosphonos 
anticholinesterase  agents  are  elicited  by  the  elevated  acetylcholine 
levels  resulting  frcm  inhibition  of  the  enzyme. 


In  sharp  contrast  to  the  rc^id  hydrolysis  of  the  acetylated 
enzyme,  hydrolysis  of  phosphorylated  or  phosphonylated  enzyme  is 
extremely  slow,  with  a  half-life  typically  of  the  order  of  hours  to 
days.'  Thus  the  enzyme  is  effectively  inactivated  and  prevented  frcm 
carrying  out  its  norroeil  function  of  hydrolyzing  acetylcholine. 


(e.g.,  Soman) 
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Figure.  1-3:  Inhibition  of  acetylcholinesterase  by  an  organcphosphorus 
derivative. 
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Reac±ivators  (Antidcftes)  of  AQiE 

Despite  considerable  effort  taken  in  design  of  antidotes 
(particularly  by  the  military  ever  sinse  the  develcpnent  of  Tabun  in 
Germany  in  1937)  no  fully  satisfactory  therapeutic  or  prophylactic 
agents  have  yet  been  devised.^  One  of  the  most  effective  reactivation 
nuclec?iiiles  yet  found  is  pyridine-aldoxime  methiodide,  or  2-PAM.  It 
illustrates  rational  drtjg  design  based  on  a  knowledge  of  enzyme 
mechanism.  Ihe  military  has  considerable  interest  in  prcphylactic  as 
well  as  ther^jeutic  agents,  the  former  intended  for  protection  of 
personnel  in  the  event  that  nerve  agent  attack  appears  imminent. 

Design  of  antidotes  has  focused  on  essentially  two  ways  to  counter 
the  toxicity  of  organcphosphorus  derivatives,  namely  (1)  blocking  the 
cholinergic  effects  of  the  elevated  acetylcholine  levels,  and  (2) 
reducing  those  levels.  So  far  no  single  ocnpound  acting  in  either  of 
these  ways  has  proved  ccnpletely  satisfactory.  Efforts  to  achieve 
reduction  of  the  elevated  levels  of  acetylcholine  induced  by  the 
organcphosphortis  nerve  agents  have  largely  focused  on  the  develcpnent  of 
nuclec^iiilic  agents  that  can  reactivate  inhibited  AQiE  by  cleaving  the 
bond  attaching  the  phosphoryl  group  to  the  serine  hydroxyl  at  the  active 

site. 

A  large  number  of  nuclecphilic  agents  were  pr^jared  and  tested  in 
the  early  1950s;  two  groups,  hydroxamic  acids  and  oximes,  emerged  as 
pronisii^  reactivators.  With  respect  to  hydroxamic  acid,  the  effective 
nucleophile  is  hydroxamate  anion,  at  physiological  pH.  However,  the 
oximes  aj^ieared  to  offer  more  premise  than  hydroxamic  acids.  Ihe 
prototype  agent  for  this  purpose  is  an  oxime  derivative,   2- 
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pyridinealdoxitoe  methiodide  (1,  2-PAM)  or  methyl  methylsulfonate  (P2S) , 
designed  seme  years  ago  by  Wilson  et  al.  Since  then  structure- 
activity  relationship  among  the  huge  number  of  analogues  of  2-EAM  that 
have  been  pr^ared  have  been  stiriied,  (Saidoxine  (2.,ToxogcxTin)  has  been 
found  to  be  scinewhat  more  effective  in  reactivating  AChE  in  animals. 


CH, 


^=CH— (/  N-CHjOCHfN  /)■^CH^^ 


2-PAM  (1)  Obidoxijne   (2) 

A  hypothetical  picture  of  the  way  in  vAiich  2-EAM  may  reactivate 
inhibited  enzyme  is  presented  in  Figure  1-4.  The  pyridinium  ion 
coiplexes  with  carboxylate  anion  at  the  anicxiic  site,  andioring  the 
oximino  anian  in  position  to  di^laoe  the  pho^iTonos  ester  groip  fran 
the  electrostatic  site.  The  tyrosine  and  the  histamine  residues 
possibly  assist  in  the  di^lacement.  It  shculd  be  noted  that 
reactivation  with  2-EAM  requires  the  anti-isaner  of  2-PAM;  the  anti-syn 
interconversion  is  a  very  facile  process  that  may  occur  in  the  oxinate 
form  at  the  enzyme  level. ^ 
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Figure  1-4:  Reactivation  of  inhibited  AOiE  by  a  conventional  codme 
(2-PAM) . 
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2-PAM  chloride,  in  conjunction  with  atropine,  has  generally  been 
adc^jted  in  the  tftiited  States  for  treatment  of  poisoning  by 
organcphosphonis  esters,  v^iereas  Cfcidoxime  is  preferred  in  sane  European 
countries  and  the  methasulfonate  salt  of  2-PAM  (P2S)  in  others. 
However,  a  major  dravADack  of  all  available  nuclecphilic  reactivators  is 
that  they  cannot  reactivate  aaed  enzvme, 
Aging  of  Inhibited  Acetylcholinesterase 

It  is  genercilly  acc^jted  that  cifter  an  organcphosphate  reacts  with 
the  AChE,  a  process  of  aging  of  the  inhibited  AChE  will  take  place. 
Ihis  aging  is  due  to  the  transformation  of  the  inhibited  enzyme  from  a 
form  vdiicii  can  be  relatively  easily  reactivated  by  appropriate 
nuclec^iiiles,  to  one  viiich  cannot  be  d^iiosphorylated  at  all.  The  time 
required  for  aging  d^jends  very  much  on  the  type  of  organcphosphates 
involved.  Ihus  AChE  inhibited  by  DFP  is  transformed  into  the  non- 
reactivatable  form  in  severed  hours.  In  contrast,  aging  due  to  Satnan 
occurs  in  2  minutes  (Table  1-1).  The  aging  process  of  Sctnan  inhibited 
AChE  is  d^icted  in  Figure  5.  It  was  suggested  ^  that  the  rate 
determining  st^  in  the  aging  reaction  of  an  allcylphosphorylated  AChE  is 
the  fission  of  one  of  the  C-O  bcaids.  Ihis  theory  was  substantiated  by 
Michael  et  al."  The  loss  of  the  pinacolyl  group,  probably  by  an  acid- 
catalyzed  process,  and  presence  of  the  imidazolium  ion  may  play  critical 
role  in  initiating  the  process.'  This  aging  process  transforms  the 
inhibited  enzyme  f rem  a  form  vMch  can  be  relatively  easily  reactivated 
by  apprr^riate  nuclecphiles,  to  one  v*iich  cannot  be  d^hosphorylated  at 
all. 
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Figxare  1-5:  Aging  of  the  poisoned  (phosphorylated)  AChE. 
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Chemically,  it  is  evident  that  acxxirding  to  the  aging  process  the 
main  change  is  essentially  the  transformation  of  a  neutrcil  phosphate 
ester  (neutral  triester)  into  a  negatively  charged  phosphate  ester 
(diester  anion) .  The  diester  anion  is  significantly  more  stable  than 
the  original  neutral  triester,  for  the  following  reasons:  the  first  is 
an  electrostatic  effect,  a  direct  r^julsion  between  the  diester  anion 
and  the  attacking  CM  (hydrolysis)  or  other  nuclecphilic  anion  (acetate, 
phosFhate,  carbonate,  oximate,  hydroxamate,  thiosulfate,  etc.).  Ihe 
second  factor  is  the  decreased  reactivity  of  the  phosphorus  because  of 
the  decrease  in  its  partial  positive  change.  As  a  consequence  of  these 
effects,  the  second-order  rate  constants  for  attack  by  anionic  reagents 
(nuclecphilic  reagents)  are  from  2,000  to  7,000  times  smaller  for  the 
diester  anions  than  for  the  triester. 


Table   1-1:  Hcilf  lives  of  aging  of  some  organcphosphate 
derivatives  of  acetylcholinesterase. 


AQiE-Nerve  agent        t^^ 


DFP 

4h 

GA  (Tabun) 

14h 

GB  (Sarin) 

3h 

GD  (Sanan) 

2-6  min 
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Ihe  anions  of  siirple  phosphate  diesters  are  generally  exceedingly 
unreactive.''^  Since  the  pKa  of  the  dial]?yl  hydrogen  phosphate  is 
between  1  and  2,  the  species  present  under  most  physiological  conditions 
etfter  the  aging  takes  place  is  the  anion,  and  consequently  the  first 
problem  to  be  solved  is  the  acceleration  of  hydrolytic  cleavage  of 
phosphate  diester  anions. 
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Various  efforts  have  beeen  made  to  circumvent  the  problem  of 
reactivation  of  aged  enzymes.  Among  these  are  (a)  the  design  of  agents 
capable  of  realkylating  the  enzyme  bound  phosphate  anion,  converting  it 
back  to  neutral  triester  and  thus  making  it  again  susceptible  to 
nucleophilic  reactivators  such  as  2-PAM  (to  date,  no  such  alkylating 
agent  has  been  found) ;  (b)  investigation  of  agents  to  slow  the  rate  of 
aging  in  vitro  (certain  amines  and  ammonium  salts,  particularly 
bispyridinium  salts,  have  been  found  capable  of  retarding  the  rate  of 
aging  in  vitro)  ^^-  (c)  investigation  of  prophylactic  treatment  of  AChE 
tertporarily  with  a  reversible  inhibitor,  thus  teirporarily  preventing  a 
subsequent  dose  of  organophosphate  from  gaining  access  to  the 
physiologically  ijiportant  enzyITve^^•  and  (d)  development  of  reactivators 
with  the  concept  that  a  suitably  constructed  nucleophilic  reagent  mi^t 
be  capable  of  displacing  the  anionic  phosphorus  ester  group. 

This  work  is  specifically  aimed  on  ajproach  (d)  to  develop 
conditions  and  specific  new  compounds  which  will  solve  one  major  problem 
related  to  organophosFhate  poisoning;  effective  reactivation  of  aged 

blocked  AQiE. 

At  physiological  pH  hydroxamic  acid  and  oximes  are  largely 
ionized,  and  the  anions  are  effective  nucleophiles.  In  addition  to  the 
PK3  of  the  reactivators,  other  physicochemical  properties  of  the 
reactivating  agent,  including  steric  and  electronic  factors  and 
lipophilic  -  hydrophobic  balance,  can  influence  relative  reactivating 
ability. 
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Cationic  Nuclecfphiles 

It  was  shc3wn  by  several  authors  ^^  that  the  active  forms  of  the 
cannon  nucleophilic  reagents  are  the  corresponiing  anions  (hydraxamate, 
oximate,  imidazole  anion,  thiolate,  alkoxide,  etc. )  v*iidi  have  increased 
reactivity  in  cationic  micelles.  Within  the  past  two  decades,  a  number 
of  micellar  systems  such  as  5  -  10  have  been  ijivestigated  in  vAiich 
functional  groups  have  been  incorporated  into  micelle  forming  molecules. 
It  was  proved  by  Bodor  et  al.^^'^^  that  a  molecular  canbination  of  anionic 
nuclec^iiile  and  a  cationic  surfactant  results  in  a  highly  effective 
accelerator  of  hydrolysis  of  various  organcphosphates.  Thus,  the 
micellar  n-dodeceyl-3-(hydroxyiminCTnethyl)pyridiniura  salt  (3)  or  the 
corresponding  1-n-heptyl  (or  nonyl  or  hexadecyl)  catipounds  (4)  were 
found  to  be  much  more  effective  nucleophilic  reagents  for  the  reaction 
with  well  known  organcphosphates  such  as  Paraoxon  (diethyl  p-nitrophenyl 
phosphate)  and  0-ethyl  S-2^±LisopropylaminoethylJiiethyl  phosphonothiolate 
(VX)  than  were  nonmicellar  analogs  of  l-aU<yl-3- (hydroxyimino  methyl) 
pyridinium  seilts. 
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E^jstein  et  alJ^  have  shown  that  3(a)  brco^t  the  half  life  of  the 
hydrolysis  of  paraoxon  to  17.5  minutes  fran  10,500  minutes  at  sli^tly 
basic  pH  (9.3).  They  also  showed  that  hydrolysis  of  VX  can  be 
significantly  accelerated  by  3.  The  various  honologs  of  3  sucii  as  4(a-c) 
have  also  shown  dramatic  acceleration  of  hydrolysis  of  Paraoxon  vrtien 
used  above  their  critical  micelle  concentration  (CMC) . 
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RLjnitake  et  cllJ°  introduced  a  chymotrypsin  model  bifunctional 
nuclec^iiilic  reagent  cxantaining  an  imidazole  moiety  substituted  at  the 
4-position  of  the  ring  with  an  eilkyl  hydroxamic  acid  (5) .  In  mildly 
basic  conditions  this  reagent  caused  dramatic,  enzyme  lite  acceleration 
of  hydrolysis  of  p-nitrcphenyl  acetate.  It  was  also  shewn  that 
imidazole  containing  quatemized  choline  type  analogues  catalyze 
pho^iiate  hydrolysis  more  than  does  sinple  quatemized  choline. 
Hydroxamic  acid  micellar  nucleophiles  such  as  6  have  shown  good 
acceleration  of  hydrolysis  of  organcphosphates  at  mild  alkaline 
conditions  (as  specified  for  oximes).^'  Bodor  and  Kaminski  as  well  as 
Moss  et  al.^  have  found  that  N-hexadecyldimethylammonium  ethanol 
branide  7  accelerates  micellar  cleavage  of  organophosphates  at  basic  pH 
(10.5  to  12).  Bifunctional  analogues  such  as  9  showed  reduced 
acceleration  of  hydrolysis  of  ongancphosphate  caipared  to  monofunctional 
7.  Ihis  is  understandable  if  we  consider  that  anicais  are  the  reactive 
species  at  aDcaline  pH;  this  would  tend  to  retard  reactivity  due  to 
r^xilsion  of  anionic  species  in  the  case  of  9. 

In  vitro  work^^  with  a  series  of  2-PAM  analogues  at  pH  -  8.0, 
showed  that  the  reactivity  of  the  benzyl  derivative  (llff))  is  by  far 
the  hi(^iest,  v*iile  the  dodecyl  derivative  fllfen  is  most  potent  among 
the  alkyl  derivatives  against  Tabun  inhibited  AC3tE. 
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Very  recently,  Bedford  et  al.^  have  shown  that  seme  3-substituted 
(hydrDxyirtiino)  iinidazolium  salts  fl2fa))  were  effective  in  providing  in 
vivo  and  in  vitro  reactivation  of  both  Scman  (GD)  and  ethyl  p- 
nitit^iienyl  methyl  phosphonate  inhibited  AQiE  (non-aged  enzyme) .  Iheir 
findii^s  suggest  tl^t  the  imidazolivim  ring  system  is  a  likely  target  for 
structural  "fine  tuning"  to  iitprove  activity  of  poisoned  AQiE  in  vivo. 

Pretreatment  of  enzymes  with  quaternary  ammonium  cortpounds 
including  pyridinium  oximes,  has  been  shown^^  to  have  a  retarding  effect 
on  enzyme  aging  due  either  to  binding  or  to  action  on  the  acetylcholine 
(cholinergic)  receptors.  For  exairple,  cotpound  13  and  its  derivatives 
decrease  aging  of  AQiE  by  4  fold. 
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Seme  quaternary  amines  which  are  allosteric  effectors  of  AQiE  can 
retard  aging  (due  to  their  binding  points  on  the  enzyme,  distant  fran 
the  active  site) ,  but  this  effect  has  no  practical  value  as  large 
concentrations  of  these  effectors  have  to  be  used.^  It  is  also  found 
that  imidazole  and  alkyl  substituted  imidazoles  retard  aging,  presumably 
by  binding  to  the  anionic  site  on  the  enzyme.  However,  it  might  be 
possible  that  the  undissociated  form  of  the  oximes  accelerates  the  aging 
of  the  tabun  inhibited  AChE. 

Ito  date,  no  significant  results  have  been  r^xDrted  for 
reactivation  of  aged  AQiE.  Ihe  hydrolysis  accelerating  effect  of 
quaternary  ammonium  caipounds  are  margined,  a  maximum  5-fold  rate 
enhancement  being  achieved.  Monoanion  phosphonate  and  phosphates  are 
about  5,000  times  less  susceptible  to  hydrolysis  than  are  the  triesters. 

It  is  clear  that  the  problem  of  reactivation  of  aged  uninhibited 
AChE  cannot  be  solved  until  conditions  for  acceleration  of  hydrolysis  of 
the  phosphate  diester  anions  are  found. 

Ihere  are  two  things  that  an  effective  accelerator  of  f^osphate 
diester  monoanions  must  acccsiplish: 

a.    partial  or  conplete  neutralization  of  the  negative  charge. 
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thus  approaching  the  case  of  a  phosphate  triester 
hydrolysis;  and 
b.    acceleration  of  the  hydrolysis  by  an  effective  nuclec^Mlic 

attack  on  the  phosphonas. 
Ei)stein  et  al.^  postulated  a  "charge  effect"  theory,  making 
uncharged  pyridine  aldoxime  a  very  ineffective  nuclecphilic  reagent  for 
reactivation  of  inhibited  AQiE.  It  was  also  pointed  out  by  Gray  that 
the  electrostatic  binding  of  the  quaternary  ammonium  group  to  the  enzyme 
anionic  site  would  have  the  quaternary  ammonium  grotp  carrying  the 
nuclec^iiile  in  a  favorable  position  for  reacting  with  the  phosphorus 
ester  groups  thus  facilitating  reactivation. 


Figure  1-6:  Diester  anion  -2-EAM  ccnplex. 

A  2-PAM  model  may  bind  to  the  aged  AChE  model  by  a  possible  strong 
interaction  between  the  positive  charge  of  2-PAM  (anti)  and  the  negative 
charge  of  the  phosphate  (Figure  1-6) .  However,  no  reaction  is  possible 
because  of  the  reduced  nucleophilicity  of  the  oxime  position  due  to  the 
loss  of  charge  effect  exerted  by  the  pyridinium  positive  charge. 
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One  conclusion  emerges  from  these  observations:  the  need  for 
"excessive  txisitive  charge"  in  the  molecular  canbination  for 
reactivating  phosphate  diester  anions.  An  advantage  presented  by  such  a 
ccnibination  is  that  excessive  positive  charge  shculd  directly  or 
indirectly  facilitate  the  nuclecphilic  attack  of  the  nuclecphile 
(oximate,  hydroxamate,  etc.)  without  reducing  its  nuclecphilicity.  In 
solutions,  such  a  combination  effect  was  aciueved^'^*'^^  only  in  the  case 
of  neutral  triesters,  by  mixtures  of  positively  charged  micelles  and 
specific  nuclecphilic  reagents.  In  vivo,  however,  a  molecular 
canbination  of  the  "excessive  positive  charge"  and  effective  nucleophile 
group,  covalently  bonded  in  the  same  molecule  have  to  be  used,  primarily 
due  to  the  differential  transport  prcblems  typical  for  ccnplex  iji  vivo 
systems. 

Specific  Aims  (Reactivators  of  Aged  AChE) 

This  thesis  suggests  a  novel  and  more  flexible  solution  to  the 
prcblem  of  reactivating  aged  inhibited  AChE:  the  use  of  type 
nuclec^iiilic  reactivators  having  multiple  positive  charges  for 
acceleration  of  the  hydrolysis  of  the  phosphate  diester  monoanion  (or 
phosphonate  monoanion) .  A  systematic  study  of  the  reaction  of  prcperly 
designed  "excessively  charged  nuclec^iiilic  reagents"  (ECNR)  carrying 
nuclec^iiilic  heads  such  as  oximate  or  hydroxamate  ions  with  simple 
phosphate  diester  anions  and  diester  anions  simulating  an  aged 
phosphorylated  AChE  will  be  used  to  evaluate  the  viability  of  this 
approach.  The  basic  conceit  of  this  study  is  then  to  synthesize  charged 
and  multicharged  functional  nuclecphilic  reagents.  For  the  in  vitro 
modeling,  some  of  the  corrpounds  in  addition  will  have  surface  active 
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prcperties  and  will  simultaneously  bind  to  the  aged  AChE,  neutralize  the 
negative  charge  of  the  phosphate  moiety  and  serve  as  nucleophilic 
reagents   for   attacking   the   phosphortis.   Ihis   will   result   in 
d^iiosphorylation  and  thereby  reactivation  of  the  enzyme. 

It  is  ctivious  that  the  success  of  the  program  is  based  on 
execution  of  clear  design  and  synthesis  of  effective  nuclecphiles,  and  a 
detailed  basic  study  of  the  )cinetics  and  mechanism  of  the  hydrolysis  of 
diester  anions.  Only  after  the  problem  of  diester  monoanion  hydrolysis 
is  solved  on  the  model  oorpounds  can  one  go  to  in  vitro  and  then  in  vivo 
reactivation  studies.  Ihe  study  is  also  aimed  at  examining  the 
hydrolysis  of  neutral  phosphate  triesters  so  as  to  include  the  whole 
spectrum  of  phosphate  esters  and  the  accelerating  effect  of  the  various 
surfactant  type  nucleophilic  reagents. 
Design  of  Model  SiAstrates  and  Reagents 

A  strong  association  between  the  nuclecphile  and  the  inhibited 
enzyme  is  an  iitportant  factor  in  enzyme  reactivation.  It  appears  from 
all  reactivators  and  antidotes  so  far  studied  (in  vivo  and  in  vitro) , 
that  stnactural  functions  such  as  pyridinium  and  imidazolium  rings  are 
involved  in  the  binding  of  the  nuclec^iiile  to  the  enzyme  site  that  is  in 
close  proximity  to  the  phosphorylated  (inhibited)  serine  residue.  It  is 
r^orted^  that  the  positively  charged  ring  anchors  on  to  the  negatively 
charged  carboxylate  anion  of  the  glutamic  acid  side  chain  at  the  active 
site.  Therefore  the  inclusion  of  either  iraidazoliim  or  pyridinium  ring 
systems  in  the  design  of  ECNR  is  hi(^y  desirable  for  structural  "fine 
tuning"  to  iirprove  maximum  activity. 
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Hydroxcmiic  acid  ECUR 

It  has  been  shown  that  micellar  type  hydroxamates  are  very  effective 
nuclec^iiilic  accelerators  of  organcphosphates  and  cartoxy  ester 
hydrolysis.  Kiinitake  et  alJ®  designed  sane  bifunctional  surfactant 
catalysts  of  the  imidazole  type  (5) .  Ihese  caticxiic  surface  -  active 
nuclec^iiilic  reagents  effectively  cat2ayzed  hydrolysis  of  p-nitrcphenyl 
acetate  and  p-nitrcphenyl  hexanoates.  On  the  ot±ier  hand,  Bodor,  et 
alJ'  found  tertiary  amine  containing  hydroxamates  such  as  6  to  be  very 
effective  accelerators  of  Paraoxon  hydrolysis.  It  is  noteworthy  that 
hydroxylamines  were  used  as  antidotes  for  organcphosphate  poisoning 
prior  to  the  inroduction  of  2-PAM.  In  vitro,  hydroxyl  amines  show  hi^ 
nuclec^iiilicity  since  they  are  largely  ionized  at  physiological  pH 
(7.4).  Based  on  this  information,  it  is  suggested  that  a  class  of  ECUR 
can  be  designed  and  synthesized  with  the  general  strvicture  as  Figure  1- 
7. 


R,  =  H  ,  CH3  ,  long  alkyl  group 
R2  =  CH3 ,  C2H5,  C7H15,  C12H25-  etc. 
R3  =  CH3  ,  C2H5  ,  or  long  alkyl  group,  etc. 
X  =  halogen  or  CH3SO3  ,etc. 
Figure  1-7:  Genercil  structure  of  hydroxamic  acid  ECNRs. 
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Ihe  hydroxamic  acid  ECNFte  may  be  synthesized  starting  from  N  and  O 
protected  hydroxylamine  followed  by  careful  N-alkylation^®  to  link  the 
imidazole  moiety  and  the  aU^l  diethylamino  grtx^).  Finally,  alJ<ylation 
of  the  nitrogens  with  the  apprcpriate  eilkyl  halides  to  create  the 
positive  segments  and  the  selective  d^rotection  of  the  benzyl  group 
either  by  catalytic  hydrogenation  or  hydrolysis  should  give  the  target 
hydroxamic  acid  ECNRs  (Figure  1-8) .  Alternatively,  the  imidcizole 
containing  acids  can  be  replaced  by  pyridine  carboxylic  acids. 


X  =  Br;  R,  =  H:  Rj  =  R3  =  CijH 


X  =  Br;  R,  =  H;  Rj  =  R3  =  CH3 


Rr 


'N\^^ 


^^v^^ 
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II 


NH20H 


RCHO 


Ri 

Figure  1-8:  Retrosynthetic  scheme  for  hydroxamic  acid  ECNRs. 
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.CH=NOH 
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R  = 


■^N-^—    or   H 


Ri  =  CH3,  C2H5  ,  (CH2)iiCH3,  etc. 
X  =  halogen  or  CH3SO3 


Figure  1-9:  General  structure  of  oxime  ECNRs. 
Oxiine  EQJRs 

Pyridiniunoximes  with  the  general  structure  as  in  Figure  1-9  suggested 
as  the  secona  type  of  ECHR.  The  structural  features  of  this  ECNR  were 
essentially  based  on  the  oxime  antidotes  for  organcphosphate  poisoning 
such  as  2-PAM  (A)  and  CSDidoxiine  (B) .  It  was  proven  by  Epstein  et  al. 
that  1-dodecyl  and  l-heptyl-3-pyridiniuinaldoxiines  are  effective 
accelerators  of  hydrolysis  of  sane  neutral  organcphosphates.  Dejon  and 
Wblrir^^'  found  that  N-long  chain  alkyl  2-pyridiniumcildoxiine  effectively 
reactivated  Tabun  -  inhibited  AQiE  in  vivo.  Further,  quaternary 
airaionium  coipounds  such  as  pyridinium  oximes  and  pyridinium  salts  have 
been  shown  to  slow  the  rate  of  aging  of  Sonan  and  Tabun  -  inhibited 
AChE^^.  Pyridinium-3-aldoxiires  usually  are  good  in  vitro  nuclecphilic 
models  for  the  hydrolytic  studies  of  organcphosphates  and  reactivation 
of  inhibited  AChE,  v*iere  as  4  and  2-oxiines  are  generally  the  more  potent 
reactivators  of  AC3iE  in  vivo. 
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Figure  1-10:  Retrosynthetic  scheme  for  oxime  ECNRs 
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A  logical  retrosynthetic  scheme  for  oxime  ECNR  is  deleted  in 
Figure  1-10,  starting  from  the  benzyl  ether  of  the  corresponding  oxime, 
followed  by  N-allcylation  of  the  pyridine  moiety  with  either  an  a- 
haloacid  or  an  a-haloacid  ester  of  the  corresponding  aminoalcohol .  1- 
Carboxyiietyl  pyridinium  oxiiae  could  be  cot5)led  with  the  aminoalcohol 
moiety  by  several  methods  and  quatemization  of  the  amine  moieties  can 
be  achieved  as  the  final  steps.  Alternatively,  the  pyridinium  acetic 
acid  ester  function  could  be  replaced  either  by  transesterif ication  with 
the  c^prc^riate  aminoalcchol  or  with  an  amide  function  by  reacting  with 
an  aminoamine;  R,  and  Rj  can  be  either  short,  medium  or  long  alkyl 
chains,  or  combinations;  the  aminoalcchol  may  carry  a  mono  or  bis  amine 
function.  Finally,  deprotection  of  the  0-benzyl  oxime  by  catalytic 
hydrogenation  would  yield  the  target  ccnpounds.  If  deprotection  by 
hydrogenolysis  presents  any  prcblem,  alternative  routes  can  be  found, 
such  as  trifluoroacetic  acid  hydrolysis. 


OR 

R  =  0-alkyl,  0-aryl,  etc. 
=  akyi,  aryl 

Aged  enzyme  models 


OR 
°2^W\  } O  — P-OR, 


\   / 

O 

R  and  Ri  =  OCH3,  0(CH2)nCH3 
=  phenyl,  benzyl,  etc. 

Tricsicrs 


Figure   1-11:   General   structure   of   aged   enzyme   models   and 
organcphosphorus  substrates. 
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Ihe  use  of  various  p-nitrcphenyl  alkyl  phosphate  or  phosphonate 
manoanions  as  aged  enzyme  models  can  simulate  the  environment  of  various 
organc^osphate  inhibited  aged  AChE.  Reaction  of  ECNR  with  these 
manoanion  substrates  will  be  monitored  by  observing  the  extent  of 
product  (p-nitrcphenolate)  formation. 

26i  27 

Bie  triesters  (23-25)  can  be  obtciined  by  literature  methods  ' 
frcm  RH>-P(0)Cl2.  Ihe  diester  monoanions  (26-30)  can  be  synthesized, 
generally  by  dealkylation  of  methyl  triesters  or  by  a  direct  approach 
(Figure  1-12) .  Diester  anions,  some  carrying  phospholipid  analogues 
instead  of  the  p-nitrcphenyl  moiety,  can  be  obtained  by  methods 
described  by  Lsew  and  lacey^.  Strict  safety  measures  must  be  exercised 
in  the  handling  of  all  organcphosphate  triesters  carrying  the  p- 
nitn^iienyl  grotp  (analogues  of  Paraoxon) .  A  decontamination 
procedure^  that  is  used  for  Paraoxon  would  be  used  for  the  waste 
disposed  of  these  toxic  triesters. 

BCNRs  with  long  chain  aU<yl  groups  (e.g.,  h^>tyl,  octyl,  dodecyl) 
on  the  hydrc^iiilic  ammonium  head  groups  will  behave  as  cationic 
nuclec^iiilic  surfactants.  Rapid  rate  acceleration  at  concentrations 
above  their  CMC  may  be  attributed  to  micellar  prcperties.  The  micelle- 
substrate  binding  constants  and  electrostatic  interaction  between  the 
positive  grcups  of  micelle  with  the  negative  P-0  moiety  at  the  Stem 
layer^  should  prrsvide  an  excellent  orientation  for  the  nuclecphile  to 
access  the  electrcphilic  phosphorus  atan.  This  would  demonstrate  the 
ijtportance  of  both  electrostatic  and  hydrcphilic  interaction.  The  nature 
of  the  micelle  surface  in  micelle-substrate  binding  as  well  as  the 
utility  of  this  system  as  a  good  in  vitro  model  for  studying  the 
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specific  interactions  involved  in  reagent  to  aged  enzyme  model  binding 
may  thus  be  illustrated. 
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Figure  1-12:  Retrosynthetic  scheme  for  the  phosphate  substrates. 
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Riysi^^^  Chemical  Studies  of  ECMR 
Kinetics 

The  kinetic  studies  of  the  hydrolysis  of  diester  monoanions  and 
neutral  triesters  by  ECNR  under  various  conditions  would  verify  the 
efficacy  of  the  design  conceit  and  its  potential  application  for  the 
reactivation  of  aged  AChE.  The  activities  of  ECNR  (-10'^  M)  with 
phosphate  substrates  would  be  made  at  pseudo  first  order  conditions. 
More  detailed  studies  will  be  made  under  various  conditions.  Ihese 
will  include:  examining  reaction  rates  below  and  above  critical  micelle 
concentration  (CMC),  at  various  tertperatures,  at  various  pH's,  in  the 
presence  of  co-surfactants  and  at  various  concentrations.  Ihe  effect  of 
the  ratio  of  reactants  on  the  reaction  rates  should  provide  more 
mechanistic  details  about  the  reaction.  Ihe  study  of  hydrolysis  of 
neutral  triesters  by  these  ECNRs  should  clarify  the  accelerating  effects 
of  inulticationic  nuclecphiles. 

The  kinetic  measurements  of  hydrolysis  of  phosphate  substrates 
carrying  4-nitrc^enyl  or  2 , 4-dinitrcphenyl  grxxips  would  be  detennined 
spectrophotometrically  by  following  the  rate  of  appearance  of  4- 
nitrti^henolate  or  2 , 4-dinitrcphenolate  ions  by  monitoring  UV  absorbance 
at  either  400  or  350  nra  in  slightly  alkaline  medium.  It  is  noteworthy 
that  hydroxide  catalysis  under  sli^tly  alkaline  pH  is  likely  to  be 
negligible. ^'^'^^  Under  these  circumstances  interpretation  of  the  results 
is  less  ambiguous. 
Ionization  constant 

The  effective  nucleophile  in  the  reaction  is  the  anion  of  the 
oxime  or  hydroxamic  acid  under  consideration,  which  indicates  the  role 
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of  ionization  constants  of  ECNRs  in  the  rate  of  hydrolysis.  Ihus,  by 
prcmating  more  of  the  ionized  species  without  reducing  its  intrinsic 
reactivity,  one  could  achieve  a  substantial  rate  enhancement  over  that 
observed  with  less  ionizable  cationic  nuclecphiles.  It  also  has  been 
reported^ '^'^  that  there  is  a  pK,  requirement  for  cptimal  efficacy. 
Oximes  having  pKa  value  <7.5  or  >8.0  were  found  to  be  ineffective  as 
reactivators  in  vivo.  Apparently,  nucleophiles  with  hi(^  pK^  would  have 
only  a  small  anount  of  the  anion  available  at  physiological  pH  to  act 
as  a  nucleophile.  On  the  other  hand,  if  the  pK,  is  too  low  the  anion 
will  certainly  be  available,  but  will  also  be  too  weakly  nucleophilic 
for  efficacy.  So  tlie  pK,  values  of  the  ECNR  help  to  account  for  the 
active  nuclec^iiile  concentration  at  various  pHs,  and  provide  an  indirect 
assessment  of  their  nucleophilicity  in  in  vivo  conditions.  Ihe  pK, 
measurement  of  ECNRs  can  be  made  spectrcphotonietrically  by  methods 
described  by  Epstein  et  al.  . 
Critical  micelle  concentration 

The  CMC  measurements  of  those  ECNR  carrying  long  hydrophdoic 
chains  would  be  indicative  of  their  micellar  effect  on  the  reaction 
rate.  A  dramatic  acceleration  of  hydrolysis  will  result  as  the 
concentration  of  ECNR  reaches  the  CMC^.  In  general,  lew  values  of  CMC 
parallel  the  enhanced  reactivity  of  multicationic  nucleophiles.  These 
CMC  measurements  can  be  made  using  either  a  ^sectroflurateter  or 
surface  tension  apparatus  . 
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Universal  Decontauninant  (UP) 
Besides  the  struggle  to  find  suitable  antidotes  for 
organophosphate  poisonirg  it  is  a  challenge  to  chemists  to  devise 
methods  of  destroying  sane  of  the  most  noxious  oanpounds  known  to  man, 
cccpounds  which  a  more  sane  world  would  never  produce.  The  structures 
of  several  of  these  carpounds  are  shown  in  Figure  1-1  and  the 
physiological  effects  of  these  ootipounds  are  cited  in  the  beginning  of 
the  Chapter.  Another  class  of  chemicals  that  have  siitdlar  military 
education  as  the  organcphosphates  are  the  mustard  agents. 


CH3N  (CH2CH2C1)2  CICH2CH2SCH2CH3 

nitrogen  mustard  sulfur  (halQ  mustard  (35) 

CICH2CH2SCH2CH2SCH2CH2CI 

(HD) 

Mustard  agents  are  primarily  vessicants,  attacking  eyes  and  lungs. 
Blisters  are  formed  by  either  liquid  or  vapor  contact.  Mustards  are 
insidious  in  their  action;  symptons  usually  do  not  appear  until  several 
hours  after  exposure.  Although  the  sulfur  and  nitrogen  mustards  have 
limited  solubility  in  water  at  neutral  pH,  the  small  quantity  v*iich 
dissolves  is  extremely  reactive.  The  reaction  proceeds  via 
intrairolecular  formation  of  cyclic  sulfonium  or  immonium  intermediates 
as  illustrated  in  equation  1-3. 
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CHp 
/■ 


CICH2CH2Z"    \    c 


CICH2CH2ZCH2CH2CI  , ^,v.n2on2.^ 

Z  =  SorNR 


^•^2     Eqn  1-3 


Ihis  intermediate  is  hi<^y  electrcphilic,  and  will  attack 
ccnpourds  containirq  a  variety  of  functional  groups  such  as  primary, 
secondary  and  tertiary  amino  nitrogen  atcms,  cariDoxylate  ions,  and 
sulfhydryl  groups.  With  nitrogen  mustards,  the  iiranoniura  ion,  viiich 
^jparently  forms  even  in  the  absence  of  any  solvent,  readily  attacks 
another  molecule  to  form  a  dimer.  For  this  reason,  the  nitrogen 
mustards  are  less  stable  than  sulfur-mustard  in  long  term  storage.  Ihe 
physiological  effects  of  sulfur  and  nitrogen  mustards  are  similar.  They 
act  first  as  cell  irritants  and  finally  as  a  cell  poison  on  all  tissue 
surfaces  contacted.  Ihe  local  action  of  the  mustards  results  in 
conjunctivitis  (inflammation  of  the  eyes):  erythema  (redness  of  the 
skin),  which  may  be  followed  by  blistering  or  ulceration;  and 
inflammatory  reaction  of  the  respiratory  system.  Injuries  produced  by 
mustard  heal  much  more  slowly  and  are  more  liable  to  infection  than 
bums  of  similar  intensity  caused  by  physical  means  or  by  other 
ciiemicals. 

Althou^  chemical  agents  such  as  organcphosphorus  nerve  agents  and 
mustard  agents  have  been  in  use  for  many  years,  only  a  handful  of 
reagents  have  been  prc^xjsed,  synthesized  and  tested  as  decontaminants 
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with  sane  degree  of  sucx::ess.^'-^^  Potentially  significant  ^plications  of 
such  reagents  ard  methods  are  in  the  cleanup  of  chemiccil  spills  such  as 
pesticides.  In  military  circles  applications  include  the 
decontamination  of  equipment  and  personnel  (dermcil  application)  that 
have  been  exposed  to  chemical  warfare  agents,  and  di^xasal  of  chemical 
wec^xsns. 

During  the  past  several  years  there  have  been  numerous 
develcpments  in  this  field.  Decontamination  of  potential  threat 
materials  by  rapid  hydrolysis  has  been  the  major  focus  of  such  work. 
Because  of  the  possibility  of  the  use  of  nerve  agents  in  military 
situation,  particular  attention  has  been  focused  upon  finding  an 
effective  system  to  selectively  hydrolyze  organcphosphorus  catpounds  and 
sulfur  mustard  agents  without  causing  any  serious  human  toxicity. 

A  large  number  of  organcphosphorus  and  mustard  cxxtpounds  contain  a 
labile  halogen  atom  or  a  good  leaving  group  such  as  halogen  and  an 
electrophilic  center  (e.g.,  S,  P=0)  susceptible  to  attack  by  OH" 
resulting  in  displacement  of  the  labile  group.'^"  Ihe  net  effect  is 
detoxification,  since  the  reaction  products  are  much  less  dangerous  and 
itore  readily  disposed  of  safely. 
Chloramine 

Bleach  (hypochlorite)  ard  organic  bleach  (N-haloamines)  have  been 
commonly  utilized  as  decontaminants  in  field  conditions.  One  such 
specially  developed  bleach  is  supertropical  bleach  ("STB')^'^,  which 
contains  about  30  %  ciilorine  and  chloramine  (chloramine  T,  36)^  bleacii. 
"STB"^  is  used  in  the  form  of  a  slurry.  Hcwever,  it  is  only  about  50% 
effective  against  organophosphates  other  than  VX.  This  reagent  suffers 
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prcblenB  such  as  instability  in  aqueous  media,  cind  is  cxjrrosive  to 
personnel  and  machinery.  Chloramine  T  (N-bromo-N- 
sodiotoluenesulfonamide  hydrate) ,  is  a  crystalline  salt,  a  strong 
oxidant  in  both  acidic  and  alkaline  media,  and  reacts  readily  with 
mustard  (C1CH2CH2)2S  to  give  the  relatively  innocuous  sulfimic3e 
prx3duct.^  A  mixtiire  of  a  solution  containing  monoethanolamine, 
heiQ^lene  glycol,  histidine  and  chloramine  T  has  been  used  as  a  non- 
flammable, less  corrosive  and  low  toxic  decontaminant  for  the  disposal 
of  Sonan  (GD)  and  dichlorodimethylvinyl  phosphate.  Although  chloramine 
T  is  a  strong  oxidant,  it  is  rapidly  destroyed  in  alkaline  solution. 
Further,  handling  of  chloramine  T  is  hazardous  becaiase  of  the  risk  of 
explosion,  v*iich  constitutes  a  major  limitation  to  its  vise  in  field 
conditions. 

Another  type  of  reagent  used  by  the  military  is  agent  "DS2"  '  ,  a 
general  purpose  decontaminant.  It  consists  of  diethylenetriamine, 
ethylene  glycol  monanethyl  ether  and  2  %  sodium  hydroxide.  "DS2"  reacts 
with  both  the  nerve  agents  and  blister  agents  (mustard  agents) .  Its 
reaction  is  based  on  hydrolysis  at  the  electrx^iiilic  centers  of  the 
toxic  reagents.  Ihe  major  limitations  of  the  use  of  DS2  are:  (a)  Hi^ily 
toxic  vapors,  (b)  It  is  a  ccmbustible  liquid  (possible  hazard  in  field 
conditions) ,  (c)  Protection  must  be  worn  during  use,  and  (d)  It  is 
corrosive  to  metals. 

The  deccnposition  rates  of  organcphosphate,  phosphonate  and 
phosphinate  esters  under  various  conditions  are  clearly  of  considerable 
inportance,  and  effective  methods  for  their  detoxification  have 
attracted  the  attention  of  numerous  research  groups  over  the  past 
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several  years  J^'^'^  A  number  of  these  stixiies  were  aimed  at  micellar 
ccnpounds  bearing  functional  grocps  capable  of  catalyzing  the  hydrolysis 
of  organcfiiosphonas  ccaxpounds.  Epstein  et  cil.  investigated  the  use  of 
various  oxime  type  nuclecphilic  reagents,  primarily  the  long  N-alkyl 
chcdn  pyridiniura  oximes  and  obtained  hi^  micellar  acceleration  of 
hydrolysis  of  Paraoxon  arxi  o-ethyl-S-2-diiscprc:pylaminoethyl 
methylphosphonothiolate.  It  has  been  shown  by  Bodor  and  co-workers 
that  seme  long  chain  N-cil]<ylhydroxamic  acids  in  the  presence  of 
cetyltriraethylainmonium  branide  (CIAB)  significantly  increase  the 
hydrolysis  of  Paraoxon  J'  Seme  cupric  ion  ccxrplexes  of  N-aUcylated 
N,N,N-trimethylenediamine  ( "metal Icjidcelles")  were  shown  by  Menger  and 
co-workers^  to  have  a  huge  rate  of  acceleration  on  the  hydrolysis  of  p- 
nitrc^iienyl  diphenylphosphate  (FNPDPP) .  Recently  Katritz]<y  and  co- 
workers^ developed  a  micellar  system  vAiich  consists  of  2-iodoso  or  2- 
iodcbenzoic  acid  derivatives  having  long  alkyl  chains,  and  shewed  the 
potency  of  this  micellar  system  against  seme  organcphosphate  triesters 
in  the  preserjce  of  cetyltrimethylammonium  ehloride  (CIAC) .  The 
catalysis  by  the  iodcbenzoic  acid  has  been  speculated  as  being  due  to 
the  formation  of  anionic  iodc±)enzoic  acid  species  acting  as  the 
nuclecphile. 

Ihfi  effort  under  this  heading  of  the  thesis  was  directed  tcwands 
finding  a  universal  decontaminant  by  a  novel  approach.  Ihis 
decontaminant  should  effectively  decontaminate  toxic  organcphosphates 
and  mustard  agents  and  itself  revert  to  a  non-toxic  caipound.  In 
addition,  this  reagent  should  suit  field  conditions  by  being  non- 
corrosive  to  machinery  and  personnel,  be  useful  as  a  potential 
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prx^ylactic  for  use  against  agent  exposure,  easy  to  handle,  non- 
explosive,  etc.  A  fonmilation  of  this  reagent  should  also  have  a 
potential  for  xose  in  vivo  (dermal  application).  An  effective 
decontamination  system  such  as  this  would  be  of  substantial  value  for 
both  civilian  and  military  \ase. 

It  is  known  that  bleach  (HOCl)  reacts  rapidly  with 
organc^osphorus  coipounds  and  mustard  agents.  In  both  cases  the 
reactive  species  hypochlorite  ion  (OCl')  is  responsible.  It  has  been 
suggested^  that  the  rapid  reaction  with  organophosphate  is  due  to  the 
polarized  nature  of  &'-Cl^,  which  is  therefore  attracted  to  the  P^=0*', 
group,  so  that  a  bifunctional  attack  is  made. 


O 


P 

/\ 

R     R  X  =  CI  or  Br 


Hypochlorx3us  acid  is  also  kncwn  to  take  part  in  many  ether 
reactions,  such  as  oxidation  of  a  alcohol  to  ketone  (aldehyde).  In 
alkaline  medium  OCl"  ion  is  notably  more  nucleqphilic  than  CH  ion,  and 
attacks  electrt^iiilic  centers  in  the  reaction  medium.  It  is  noteworthy 
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that  HOCl  has  a  pKg  around  7.4;  therefore  in  aqueous  medium  there  will 
be  adequate  nuclecphile  concentration  (OX'  ion)  aveiilable  for  reaction. 
Ei)stein  et  al.'^^'  showed  hypochlorite  ion  as  one  of  the  most  effective 
catalysts  for  the  hydrolysis  of  Sarin  and  0,0,S- 
triethylphosphonothiolate  under  mild  alkaline  conditioTs.  E^sstein  also 
showed  that  these  reactions  involve  a  direct  substituticai  of  the 
fluorine  atcm  by  hypochlorite  anion.  Ihis  process  determines  the  rate 
of  overall  reaction  since  it  is  followed  by  a  rapid  hydrolysis  of  the 
intermediate.  The  effectiveness  of  OCl"  over  di  was  greater  than  could 
be  accounted  for  sinply  by  the  increased  nuclecphilic  pcwer  bestowed  by 
the  CI  upon  the  O. 


O 


O 


.P. 


ocr     *      iP,-o-^F  '""°    '  °" 

I  OMe 

OMe 


Soman 


O 


iPr-O-^l     OCl  +  "^ 

OMe 


o 


—       iPr-0-^i"OH         +      ^OCI 


OMe 


Figure  1-13:  Reaction  of  hypochlorite  anion  with  Soman. 

Ihe  mechanism  of  detoxification  of  mustard  agent  by  hypcbronous 
acid  aj^)ears^  to  be  as  described  Figure  1-14.  The  oxidation  of  S  to 
SO  dramatically  reduces  its  cilkylating  potency.  Further  hydrolysis  of 
the  product  results  in  ccarplete  destruction  of  the  functioned  moieties. 
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/  /  fast 

HOBr  +  S  "'    BrS\  +  HO'  •-    products 

\  \ 


^/  ^   BrS-"   +  20H"   ^    products 

BrO"     +     S  I    \^ 


Figure  1-14:  Reaction  of  mustard  agent  with  hypobronous  acid. 


N-Haloamines  have  been  used  as  positive  halogen  (X*)  sources  in 
various  reactions.  Ihey  have  a  labile  N*'-X**  bond  that  produces  reactive 
0-X'  (hypchcilide  ion)  under  cLUcaline  conditions.  Due  to  their  increased 
stability  as  positive  halogen  sources  they  are  better  decontaminant 
formulations  than  is  conventional  bleach  (e.g.,  NaOCl,  or  Ca (001)2). 
Althou^  N-haloamines  have  been  xosed  in  the  decontamination 
process,  ^^'^  none  have  proven  satisfactory  as  a  safe  universal 
decontaminant  for  organc^osphates  and  mustard  agents.  Consequently, 
they  have  no  practical  value  for  in  vivo  or  in  vitro  use. 


"N      ^      OH-     ,  ^^N        +    OX- 


Ecyi  1-4 

X  =  CI  or  Br 


41 
N-Hctloamines 

It  has  been  shown  by  Bodor  et  al.^  that  sane  novel  N-chloramines 
are  effective  as  a  non-toxic  and  stable  source  of  positive  chlorine 
(CI*) ,  and  some  of  these  corpounds  are  effective  as  antimicrobial 
agents.  N-Brcmosucciniinide  (NBS)^'  ^  is  known  as  a  stable  and  versatile 
"positive"  brcsnine  reagent  among  the  number  of  the  N-halo-ccxtpounds. 
Only  a  few  N-halo  derivatives  of  amides  and  amino  acids  have  been  shewn 
to  be  useful  "positive"  halogen  sources.  This  has  been  attributed  to 
the  aluost  non-polar  nature  of  their  N-halogen  bonds  as  well  as  the 
favorable  geometric  arrangements  v*uch  exist  between  the  N-halogen  bond 
and  the  carbonyl  functions.  In  general,  the  lower  the  polarity  of  the 
N-X  bond,  the  nore  stable  the  N-haloamine.  The  haloamine  bond  has 
prt^jerties  different  frcm  those  of  covalent  C-X  bonds.  For  many 
properties,  it  is  convenient  to  regard  chlorine  (or  bratdne)  vAien  bonded 
to  a  nitrogen  as  "positive  source". 

X-N^  ^COOR 
I 

Y    X  =  CI,  Br.  I 

Y  =  halogen,  H 

X  =  Br,  CI  o   M  ,    , 

R  =  alkyl  moiety 
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In  the  effort  to  find  a  stable  and  non-corrosive  reagent  Bodor  et 
al.  designed  and  synthesized  various  chloroamides  based  on  N-halogen 
bonds  of  low  "chlorine  potential".  The  chlorine  potential  is  defined  as 
pk  ,  pk,^^  =  -log  kj^  where  k^^  is  the  equilibrium  constant*  for  the 
hydrolysis  of  N-chloro  caipounds  to  yield  hypochlorous  acid  (Eqn  1-5) . 
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Direct  determination  of  the  equilibrium  constant  (k^)  values  is  only 
possible  in  a  few  cases  since  the  equilibria  are  usually  so  far  to  the 
left  that  direct  measurement  is  not  practicable.  In  such  cases  it  is 
more  convenient  to  measure  the  equilibrium  constant,  K^^^  for  chlorine 
exciiarige  reactions  and  relate  the  results  directly  to  hypochlorous  acid. 
The  K^  Vcilue  is  then  used  as  an  experimental  measure  of  the  polarity  of 
the  N-Cl  bond.  A  hi(^  K_j  value  is  pixbably  due  to  the  polarization  of 
the  N-Cl  bond  in  the  N-chloro  derivative,   and  changes.    This 

polarization  changes  fron  N^' Cl**  for  derivatives  of  strong  bases  to 

N**— — Cl'"  for  derivatives  of  weak  bases. 


■^cp     \ 

\  u  n     ^    M-H   +   HOCI 

N-Cl   +    H2O     _ N  H 

/  / 

HOCI    ,         Cr    +    OH" 

Ecji  1-5 

The  former  type  of  polarization  would  destabilize  the  molecule 
with  respect  to  separation  of  CI**,  vtiereas  the  latter  type  polarization 
would  stabilize  the  molecule.  Bodor  et  al.*^  studied  the  polarization 
of  N-Cl  bonds  of  structurcilly  different  N-chloramines  by  photoelectron 
spectrosccpy  and  ccanpared  the  polarization  with  the  basicities  of  the 
parent  amines.  Iheir  investigation  shewed  that  the  polarity  of  N-Cl 
bcrds  corresponds  to  the  basicity  of  the  parent  amine  and  chlorine 
potential  of  the  N-chloramine. 

A  number  of  "low  chlorine"  potential  N-chloramines  and  N- 
chloramides  containing  low  polar  N-Cl  bonds  have  been  r^xDrted  by 
Kaminski  et  al.^'*^    Ihe  chlorination  of  a-amino  acids  and  the 
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corresponding  N-chloro  derivatives  were  investigated  for  use  as  low 
chlorine  potential  conpounds  and  positive  chlorine.  Their  results 
elucidated  the  factors  that  significantly  influence  the  stabUity  of 
these  N-chloramines  and  other  low  chlorine  potential  N-cidoramines  in 
general.  N-Qiloramines  of  a-aminoacids,  including  those  even  the  N- 
methyl  derivatives  (39  and  40)  containing  o-hydrogens,  deoanpose  rapidly 
via  an  elimination  (dehydrchalogenation)  pathway.  This  decoiposition  is 
sametimes  explosive  (40).  Deconposition  pathways  through 
decarixixylation  were  also  observed  with  carboxylates. 
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On  the  basis  of  these  observations,  1, 4-dic:hloro-2, 2,5,5- 
tetramethyl-3,6-piperazinedione  (41)  was  designed  and  studied.  The 
incorporation  of  geminal  dimethyl  substitution  at  the  o-carbon  and  a 
cyclic  amide  (lactam)  linkage  resulted  in  greater  stability.  In 
addition  to  the  structural  requirements,  a  synthetic  amino  acid  was 
chosen  as  the  precursor,  which  should  ideally  exhibit  an  inherently  low 
toxicity.  Ihese  types  of  low  chlorine  potential  N-chloramines  are  of 
interest  as  "soft"  positive  chlorine  sources  for  use  in  vivo  (eg. ,  slcin) 
These  N-chlorinated  a-amino  butyric  acids  and  their  derivatives 
exhibited  a  high  degree  of  antimicrobial  activity  by  inhibiting  the 
bacterial  growth  due  to  inhibition  CNA,  ENA  and  protein  synthesis 
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without  readily  being  deactivated  by  extraneous  reaction. 

Based  on  the  low  polarity  of  the  nitrogen-chlorine  bond  and  the 
soft  nature  of  the  N-chloramines,  the  N-halo-4 , 4-diniethyl-2- 
oxazolidinone  system  (43)  was  developed  as  a  cyclic  derivative  of  2- 
aitLmo-2-inethyl-l-propanol,  a  ccnpound  of  low  toxicity.^'  "Hie  ideal 
proximity  between  the  amino  and  hydroxyl  groups  in  2-amino-2-inethyl-l- 
prcpanol  lead  to  the  investigation  of  the  2-oxazolidinone  system  as  a 
precursor  for  a  low  chlorine  soft  N-chloramine.  This  system  contains 
specific  structural  requirement,  essential  for  optimizing  the  stability 
and  reactivity  of  the  nitrogen-chlorine  bond;  that  is,  the  gem-dimethyl 
substitution  at  the  carbon  adjacent  to  the  nitrogen-halogen  bond. 


/ 


X  =  CI,Br,  H 


O 

X  =  H  (421 

X  =  Br  (42,  NBO) 


Bodor  and  Kaminski'^^  examined  a  series  of  N-bromo  derivatives  of 
the  2-oxazolidinone  system  ard  tested  their  ability  to  serve  as 
versatile  brtaninatirg  agents  with  respect  to  N-bramosuccinimide 
(NBS,37).  Out  of  the  many  4,4-dialkyl  derivatives,  3-brcstno-4 , 4- 
diinethyl-2-oxazolidinone  (NBO,  43)  proved  to  be  by  far  the  most  stable. 
The  polarity  of  N-bromine  bond  in  NBO  is  lew,  primarily  as  a  result  of 
the  electron  donating  inductive  effect  of  the  adjacent  methyl  groups, 
and  resonance  effects  of  the  oxygen  atom  adjacent  to  the  carbonyl  grotp. 
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NBO  was  also  found  to  be  equivalent  or  better  than  NBS  as  a  braninating 
and  oxidizing  agent.  The  terra  "bronine  potential"  in  analogy  to  the 
"chlorine  potential"  was  used  to  explain  the  lew  bronine  nature  of  NBO 
with  respect,  to  NBS.  The  brcmine  potential  was  defined  as  the 
equilibrium  constant  (K^)  for  the  reversible  reaction  between  NBO  and 
NBS. 

Bodor  and  Kaminski^^  determined  the  equilibrium  constant  of  this 

process  and  related  that  to  relative  polarity  of  the  N-Br  bond  with 

respect  to  that  of  NBS.  A  value  less  than  1.00  is  indicative  of  a  low 

polarity  N-Br  bond  with  respect  to  NBS.   Low  bronine  coipound  such  as 

NBO  showed  a  value  k^  =  0.34.  Althoui^  NBO  satisfies  all  criteria  of 

an  effective  soft  low  bronine  potential  N-bronoamine,  its  low  water 

solubility  (0.5%)  seriously  hinders  its  use  in  aqueous  medium. 

Specific  Aims  (N-Haloamine  Decontaminants) 

Non-corrosive  N-bronoamines  that  are  stnocturally  similar  to  the 

2-oxazolidinone  system  with  additional  features  to  increase  aqueous 

soli±>ility  without  reducing  the  stability  and  reactivity  would  serve  as 

"soft"  Universal  Decontaminants  for  organophosphate  and  mustard  agents. 

Sore  of  the  specific  corpounds  sould  exhibit  micellar  properties  and 

sate  would  be  designed  to  yield  increased  active  bronine/per  mole.   In 

addition  to  the  chemical  use  of  these  conpounds,  sane  should  possess 

potential  in  vivo  (dermal)  application.  A  detailed  investigation  based 

on  clear  design  and  synthesis  of  N-bronoamines,  examination  of  their 

stability  under  various  conditions,  and  kinetic  study  of  hydrolysis  of 

organophosphate  and  mustard  models  is  essential. 


46 
Design 
2-0xazo1  if^inone    decontaminant  system 

Based  on  avilable  information  it  is  envisaged  that  a  careful 
functional ization  of  4,4-dimethyl-2-oxazolidinone  should  lead  to  the 
"fine  tuning"  of  the  2-ox2izolidinone  system  for  a  Iftiiversal 
Decontaminant  (UD) .  Functioncilizing  one  of  the  methyl  groups  of  the  gem 
dimethyl  a-carfxin  would  not  detract  from  the  stability  requirement  of 
having  a  diall^rl-substituted  carbon  a  to  the  N-brcmine  bond. 


CH 


3  R  X 


I  V^CHaOR  ^  H(M),Br(45) 


\X  SO3H  H(4£),  Br(lZ) 

CHjCOzH  H(4a).  BR  (49) 

(CH2)„NEt2  H  (52) 

Ihe  electron  donating  irductive  effect  of  the  4,4-dimethyl  groups 
in  prx3viding  a  less  polar  N-Br  bond  is  unlikely  to  be  altered  by 
hydroxymethylation  of  one  of  the  methyl  groups.  However,  the  hydroxyl 
group  would  certainly  increase  the  polarity  of  the  molecule.  The 
aqueous  solubility  of  the  4-hydroxyinethyl-4-methyl-2-oxazolidinone  (44) 
and  its  N-brcno  derivative  can  be  maniFulated  by  derivatizing  the 
hydrx3xyl  group  with  carefully  selected  functional  groins.  For  exaiiple, 
conversion  of  (44)  to  a  sulfonate  (46)  sould  dramatically  increase  the 
aqueous  solubility  of  46  and  its  N-bronoamine  (47) .  A  sodium  salt  of  47 
would  be  an  ideal  candidate,  with  all  requirements  for  a  Universal 
Decontaminant.  Another  "soft"  analogue  will  be  the  dicarboxylic  acid 
ester  of  (48)  •  l^e  extension  of  chain  length  of  49  by  more  than  about 
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six  cariDons  would  ac3d  lipcphilicity  to  the  molecule  and  thereby  prcfvide 
a  unique  solubility  property.  The  attachment  of  an  allcylamine  moiety  to 
the  oxazolidione  system  was  intended  to  provide  a  structural  frame  (50) 
that  can  be  transformed  to  various  quaternary  forms  (51  and  52) ,  and 
sane  of  the  quaternary  systems  with  long  al]q^l  chains  are  expected  to 
shew  micellar  prcperties. 

Ihe  carpatibility  of  various  cationic  surfactants  (e.g. ,  1-n- 
dodecyl-3-pyridiniumaldoxime  chloride  (2-PAD-Cl) ,  hexadecyltrimethyl 
ammonium  bromide  (CIAB) ,  2-n-hexadecyldimethylaramonium-l-ethanol 
branide)  with  various  N-hciloamines  and  their  activity  in  deactivating 
chemical  agents  has  been  examined. ^^'  The  studies  showed  that  only  some 
cationic  ionic  surfactants  are  caipatible  in  a  premade  mixture. 
Hcwever,  this  system  significantly  increased  the  reactivity  of  NBO 
against  ciiemiccil  agents  by  formation  of  BTj'  species,  v*iich  was 
subsequently  captured  by  the  cationic  surfactant  micelle.  Based  on 
these  findings  a  covalent  attachment  of  dodecyl  dialkylammonium  ethanol 
ether  of  52  shculd  be  effective  as  a  cationic  micellar  N-brcmoamine. 
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Y  =  H  or  protective  group 

R  =  (CH2)nC00H,  C(0)0(CH2)nC00H,  POg^",  SOa^" ,  etc. 

=  (CH2)nNR2 


Figure  1-15:   Retrosynthetic  scheme  for  the  derivatives  of  4-hydroxy-4- 
inethyl-2-oxazolidirKDnes . 
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Increased  active  bromine/molecular  weicdit 

A  somev^iat  related  brcminating  agent  vMch  has  been  vised  in 
several  synthetic  procedures  with  various  degrees  of  success  is  1,3- 
dibrcno-5,5-diinethylhydantoin^^,  vMch  yields  two  positive  branine  per 
molecule.  However,  catrpound  (53)  suffers  the  major  disadvantage  of 
contciinirxg  the  ct-hydrogens,  and  hence  contains  N-brono  bonds  of 
relatively  high  polarity.  Thus,  cotpounds  of  the  type  54  are  the 
c±»jectives.  A  stnjcture  such  as  54  will  afford  fcur  active  brotiides  per 
molecule,  thereby  increasing  the  available  reactive  species  per  mole  of 
reagent  by  four  fold. 
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It  is  necessary,  frcra  a  stability  stanc^int,  that  there  should  be 

no  hydrxDgens  on  the  carixin  a-to  the  N-brano  bend  in  order  to  prevent 

d^ydrtiialogenation.  Rapid  dehydrohalogenation  frcm  more  than  one  part 

of  the  molecule  could  result  in  an  ejqjlosion.  Once  the  active  brondne 

content  per  mole  has  been  increased,  the  next  approach  will  be  the 

insertion  of  solubilizing  groups  such  as  hydroxymethyl ,  carbojq^late  and 

sulfonate  moieties  on  to  one  of  the  nitrogen  of  the  glycouril  system. 

Ihese  substituents  should  dramatically  increase  the  solubility  of  N- 

brano  glycouril  system  in  polar  organic  solvents  and  water  vMlst 

retaining  three  active  Br*  per  molecule. 
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Synthesis 

Ihe  2-oxazolidinone  system  can  be  pr^jared  by  inethcx3s  siniilar  to 
the  cxyz  used  for  protection  of  carboxyl  functions  in  caiboxylic  acids. 
First,  an  ^prtpriate  ethanolamine  with  ideed  proximity  between  amino 
grot?)  and  hydroxyl  group  has  to  be  found.  Condensation  of  2-amino-2- 
methyl-l,3-prcpanediol  with  urea  has  been  r^»rted  to  give (44)  in 
excellent  yield. ^  This  hydroxymethylated  oxazolidincne  could  be 
converted  to  its  brcxno  derivative.  However,  under  N-brcitiination 
conditions  oxidation  inay  occur  at  the  hydroxymethyl  site.  Reacting  (44) 
with  a  pyridine-sulfur  trioxide  ccanplex  should  yield  the  desired  sulfate 
derivative.  Ihe  corresponding  sodium  salt  of  the  sulfate  may  be  obtained 
either  by  treatment  on  an  ion-exchange  column  (Na*  form)  or  by  reacting 
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with  one  equivalent  of  sodium  hydroxide. 

Carboxylic  acid  derivatives  of  46  may  be  obtained  by  reaction  with 
a  dicarboxylic  acid  anhydride  (e.g.,  succinic  anhydride)  or  by  treatanent 
with  monoacyl  chlorides  of  dicarboxylic  acids  (e.g.,  malonyl  chloride) 
in  a  suitable  solvent.  Cyclic  anhydrides  with  various  chain  lengths 
would  provide  a  series  of  carboxylate  derivatives  of  44  with  various 
solubility  prc^3erties.  Reaction  of  the  bis  sodium  salt  (or  lithium 
salt)  of  44  with  one  equivalent  of  chloroethyl  diethylamine  under  mild 
conditions  would  provide  the  corresponding  0-ethyl  diethylamine 
corpound.  Quatemization  of  this  free  amine  with  an  alJc/lbrcmide  such 
as  dodecyl  bromide  would  yield  the  precursor  for  a  micellar  N-bramo 
oxazolidinone  system  (52) . 
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+         Urea       (or  N-substituted  urea) 


Figure  1-16:  Retrosynthetic  scheme  for  the  dimethylglycxjuril  systems. 
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Dimethylglycouril  (3a,7a-dimethyltetrahydroimidazo  [4,5-d] 
iiiiidcizole-2 , 5-dione)  (54)  and  its  analogues  would  be  synthesized  by 
condensation  of  the  appropriate  a,Q!-diketone  with  urea.  Using  an 
equiirolar  ratio  of  formaldehyde  with  (54)  it  should  be  possible  to 
pr^are  mono  N-hydroxymethyl  dimethylglycouril  under  controlled 
ccHxiitions.  Following  the  success  in  monohydroxymethylation  of 
glycouril  further  derivatization  with  sulfur  trioxide-pyridine  coirplex 
should  provide  mono  N-itethylsulfate  diitiethylglycouril ,  which  is  ei^jected 
to  have  hi^  water  solubility. 

Ihe  synthetic  strategy  involves  preparation  of  the  monoanion  of 
dimethylglycouril  in  situ  either  by  reacting  with  sodium  hydride  (NaH) 
or  lithium  diiscpropylamide  (IDA) .  Subsequent  reaction  with  appropriate 
electrtJFhiles  (e.g.,  XdipifH,  Brt2l2C02Et,  SOj-pyridine)  would  provide  a 
flexible  solution  for  the  synthesis  of  monosubstituted  glycourils.  Use 
of  electrt^iiiles  that  carry  long  alic/l  chains  would  yield  a  product 
that  could  have  emulsifying  properties.  Methods  for  the  N-bromination 
of  various  amines,  amides  and  amino  acids  are  well  illustrated  by  Bodor, 
et  al.'^"''^  Generally  bromine/aqueous  sodium  hydroxide  solution  is  used 
under  cold  conditions.  Since  all  designed  N-brtxnoamines  are  e:q5ected  to 
have  lower  reactivity  (low  bronine  potential)  than  N-brcmosuccinimide, 
brcndnation  of  the  N-H  bond  could  possibly  be  achieved  by  reacting  with 
NBS.  Most  of  the  brominated  amines  are  easily  isolable  as  precipitates 
frcm  the  reaction  mixture  at  -5  to  0°C  or  by  solvent  extraction. 
However,  hi<^y  water  soluble  N-bratto  products  may  be  isolated  from  the 
aqueous  phase  by  freeze  drying  techniques  (lyophilization) . 
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Riysiccil  Chemical  Studies  of  N-Bromoamines 
Bromine  content 

Active  brcmine  content  of  the  N-brcmoamines  would  be  analyzed 
priix:ipally  by  an  iodonvetric  method  using  standardized  sodium 
thiosulfate  solution. '"'^^  Active  brcmine  content  can  also  be  determined 
spectrt^iiTotcmetrically  by  recording  the  UV  absorbance  at  about  350  nm  in 
mildly  beisic  solution. 


\^/        +    0H-'  '     N     +    oBr-    Ecji  1-8 

I  H 

Br 


Stability  studies 

Uie  stability  measurement  of  N-brcmoamines  at  various  conditions 
is  an  integral  part  of  the  evaluation  process.  These  measurements  will 
also  render  kinetic  information  about  factors  influencing  the  stability 
of  the  coipound.  Ihe  effect  of  pH  of  the  medium,  concentration  of  the 
coipourd,  and  tenperature  will  be  examined.  Ihe  deocnposition  half  life 
of  the  cotpound  can  be  measured  by  determining  the  positive  brcmine 
content  iodometrically  or  spectrc^otometrically  over  a  period.  Ihe 
spectrophotometric  method  involves  monitoring  the  change  of  absorption 
of  the  initial  N-brortoamine  or  the  change  in  hypciaranite  ion  (OBr) 
production  at  350  nm.  It  has  been  pointed  cut  that  kinetic  rate 
constants  are  independent  of  methods  used  to  determine  brcmine 
content.** 
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The  decxaaposition  of  N-haloamines  in  aqueous  solution  generally 
follows  a  first  order  kinetic  process.'''  Therefore,  the  apparent  rate 
constant  can  be  characterized  fran  the  reaction  half-life. 
Characteristic  UV  absorption  spectra  would  be  used  to  determine  product 
ccnposition  and  decaiposition  products.  Stability  studies  will  also  be 
extended  to  determine  the  ccnpatibility  of  external  surfactant  -  N- 
bronoamine  mixtures. 
Brcroine  txjtential 

The  "brcxnine  potential",  defined  as  the  equilibrium  constant  (K) 
would  be  determined  spectrcphotcmetrically  fran  the  reversible  reaction 
between  N-bronoamine  and  succinimide.    The  value  of  K^^^  will  be 
calculated  by  using  a  kinetic  equation  derived  by  Kaminski  and  Bodor 
fran  the  absorbance  data  at  a  wavelength  vAiere  the  corresponding  free 
amine  or  NBS  has  no  appreciable  absorption.   The  observed  equilibrium 
constant  will  relate  to  the  polarity  of  the  N-^ronine  bond  and  to  the 
stability  data. 
Kinetics 

The  major  objective  of  the  effort  in  this  research  is  to  verify 
the  effective  reactivity  of  each  of  the  N-bronoamines  synthesized  or 
formulations  thereof  against  organcphosphate  and  mustard  model 
coipounds.  The  kinetic  result  obtained  fran  these  experiments  should 
corresponi  to  the  potency  of  novel  N-bronoamines  in  decontaminating  the 
chemiccil  agents.  The  model  ccnpound  for  a  phosphate  ester  to  be  used  in 
the  kinetic  studies  is  diethyl  p-nitrophenyl  phosphate  (Paraoxon) . 
Paraoxon  is  generally  more  stable  towards  hydrolysis  than  is  the  agent  G 
(GD  (Soman) ) ,  vhile  it  is  sames«4iat  less  stable  than  the  agent  V  (VX) . 
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However,  due  to  the  advantages  offered  by  the  ease  with  vAiidi  its 
cleavage  can  be  followed  by  monitoring  the  appearance  of  the  p- 
nitn^iieriolate  ion,  it  was  preferred  over  the  other  possible  model,  DFP. 
Ihe  laadel  compound  for  the  inustard  agent  (bis- (2-chloroethyl) -sulfide) 
is  the  corresponding  "half  mustard"  (2-chloroethyl-ethyl  sulfide) . 

Ihe  destruction  efficacy  of  N-^ranoamines  (-10"^  to  lO'-^  M)  against 
Paraoxon  (-5x10"^  M)  would  be  determined  frcm  the  pseudo  first  order- 
rate  constant  for  the  hydrolysis  at  various  pHs,  at  different  buffer 
concentrations,  and  at  different  reagent  concentration,  at  various 
tenperatures.  A  rational  examination  of  the  kinetic  data  with  the 
stability  values  will  allow  prediction  of  the  cptiraum  reaction 
ccxtiitions  needed  for  a  maximum  efficacy.  The  reaction  rate  constants 
would  be  calculated  either  by  half  life  method  or  by  initial  rate  method 
frtxn  the  absorption  data  recorded  over  at  least  4  half  lives. 

The  kinetic  studies  of  the  destruction  of  2-chloroethyl- 
ethylsulfide  by  N-bronoamines  will  be  made  by  assaying  the  mustard  agent 
concentration  in  the  reaction  mixture  by  a  gas  chramatographic  method, 
at  different  intervals.  A  G.C  instrument  with  a  flame  ionization 
detector  will  be  utilized  for  such  determination. 


CHAPTER  II 
RESULTS  AND  DISCUSSIOIS 


Synthesis  of  ECMR  and  Riosphate  Models 
Synthesis  of  Hvdroxainic  Acid  EQJR  Compounds 

A  scheme  (Figure  2-1)  using  the  route  executed  by  Kunitake,  et 
alJ°  was  initially  outlined  for  the  preparation  of  hydroxamic  acid 
target  ccarpounds.  This  route  begins  from  benzyl  benzohydroxamate,  at  N 
and  O  protected  (acylated)  hydroxyl  group,  and  requires  N-monoaD^lation 
and  subsequent  d^rotection  of  the  N-acyl  group  in  order  to  introduce 
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the  acyl  groiqj  of  interest.  Benzyl  benzohydroxamate  56  was  prepared 
by  the  reaction  of  the  potassium  salt  of  benzohydroxamic  acid  55  with 
benzyl  branide  in  the  presence  of  potassium  carbonate  in  60%  yield.  The 
potassium  salt  of  the  hydroxamic  acid  was  obtained  from  caranercially 
available  benzciiydroxamic  acid  using  ethanolic  potassium  hydroxide. 
Using  a  similar  method  to  that  of  Kunitake  et  al.^°'  ,  benzyl 
benzohydroxamate  was  reacted  with  sodium  hydride  in  EMF  to  generate  the 
corresponding  anionic  salt,  and  the  subsequent  attack  with  2- 
chloroethyl-1-diethylamine  gave  the  N-alkylated  benzyl  benzchydroxamate. 
Owing  to  the  instability  of  the  free  amine  form  of  the  electrcphile,  2- 
chloroethyl-1-diethylamine  was  generated  at  mild  conditions  prior  to  its 
use.  The  N-alkylated  product  (57)  was  c±)tained  in  widely  varying  yield 
(30  -  60%) ,  v*iich  similar  to  that  observed  by  Kunitake  et  al.  in  some 
N-alkylation  (or  acylation)  reactions  of  benzyl  benzchydroxamate. 
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Figure  2-1:  General  synthetic  scheme  for  hydroxamic  acid  ECNRs. 
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RLonitake's  method  ^^'^  of  removal  of  the  benzoyl  group  frcsn  57 
lender  hydrolytic  conditions  to  yield  N-(;3-diethylaminoethyl)-0-benzyl 
hydroxyl  amine  (58)  was  not  successful.  Ihis  method  of  removal  by 
acidolysis  under  vcirious  hydrolytic  conditions  gave  no  trace  of  58/  tut 
gave  a  debenzylated  product  mixture  v*iich  spectrally  (IR,  HNMR) 
corresponded  to  the  N-(/3-diethylaminoethyl)benzohydroxamic  acid 
[HiC(0)NH(OH)CH2CH2N(CH2CH2NEt2].  It  ajpears  that  under  the  hydrolytic 
conditions  eirployed  the  benzyl  grovp  is  selectively  removed  fron  57 
instead  of  the  benzoyl  moiety,  a  result  different  fron  that  observed 
with  N-dodecyl  benzyl  benzdiydroxamate  under  similar  conditions. 

Acylation  of  56  with  imidazole  prcpionoyl  chloride  prior  to  N- 
alkylation  with  chloroethyl  diethylamine  was  an  ambitious  atteitpt  at  not 
having  to  go  throu^  57  in  the  hydrolytic  cleavage  of  the  benzoyl  grocp. 
However,  acylation  of  56  using  an  adopted  literature  ^*  procedure  failed 
to  yield  the  corresponding  N-acyl-0-benzyl  benzohydroxamate,  and  instead 
resulted  in  an  ccarplex  product  mixture. 

A  search  for  alternative  routes^'^^  to  N-substituted  hydroxylamines 
that  avoids  hydrolytic  reactions  led  to  the  finding  of  a  direct  and 
siitple  approach  (Figure  2-2)  to  prepare  58.  The  reaction  involved  a  one 
step  al3<ylation  of  0-benzylhydroxylamine  with  2-chloroethyldiethylamine 
in  the  presence  of  a  controlled  amount  of  triethylamine  to  afford  58  in 
moderate  yield  (»  60%) .  Ihe  conpound  58  was  isolated  as  the  major 
product  fron  the  reaction  oil  by  vacuum  distillation,  cind  was 
characterized  by  ^H  NMR  and  mass  spectrum.  A  hi^  boiling  fraction  that 
was  isolated  from  the  reaction  oil  accounted  for  less  than  5%  of  the 
total  yield  and  was  identified  as  the  diaU^lated  0-benzylhydroxylamine 
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(59)  on  the  basis  of  its  ^H  NMR  spectrum.  Neither  of  these  products  (58 
and  59)  are  r^xarted  in  the  literature.  Wawzoneck  and  Keirpt  have 
found  that  N-alkylation  of  hydroxy lamine  always  yields  a  mixture  of  N,N- 
dialkylhydroxylamine  and  N-alkylhydroxylamine  irrespective  of  the  ratio 
of  the  alkyl  halide  and  hydroxy lamine  eirployed.  Ihe  cptinajm  conditions 
vrorlced  out  to  provide  increased  yields  of  58  were  (a)  use  of  not  more 
than  2.1  equivalent  triethylaitiine,  (b)  use  of  1.1  molar  ratio  O- 
benzylhydroxylamine/2-GhlorDethyldiethylamine  hydrochloride  and  (c)  mild 

reflux  conditions. 

Other  routes  to  make  58  such  as  direct  monoalkylation  of  free 
hydroxy  lamine  (HNjCH)  were  explored.  Reaction  of  NHjCH  with  2- 
chloroethyldiethylamine  gave  a  product  mixture  containing  largely  (>80%) 
the  dial]<ylated  product.  This  was  not  totally  unexpected,  owing  to  the 
unprotected  nature  of  hydroxylamine  and  the  hi^  reactivity  of  the 
electrxjphile.^  The  synthesis  of  0-benzyl-N-(^-diethylaminoethyl)-3-(4- 
imidazolyl)prx3peniohydroxamate  (65) ,  the  major  synthon  to  the  hydroxamic 
acid  target  molecule,  presented  enormous  difficulties.  Addition  of  the 
acyl  chloride  of  urxxanic  acid  (3-(4-imdazolyl)propenoic  acid)  to  58 
in  the  presence  of  excess  base  (triethylamine  or  pyridine)  under  various 
conditions  gave  a  product  mixture  containing  little  or  no  65.  Use  of 
sodium  hydride  to  generate  the  anion  of  58  followed  by  the  addition  of 
acylchloride  60  gave  a  non-olefinic  cortpound  vdiich  showed  two  p- 
diethylaminoethyl  moieties  intact.  It  is  not  unreasonable  to  suppose 
that  the  anionic  58  could  add  across  the  double  bond  of  an  a, 6 
xmsaturated  hydroxamate  ^;  this  may  well  occur  on  formation  of  65  in 
the  reaction  medium. 
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Figure   2-2:   Direct   synthesis   of  N-()3-diethylaininoethyl)-0-benzyl 
hydroxy  Icimine . 


After  a  series  of  unsucx::essful  attenpts,  a  method  utilizing 
inverse  addition  of  the  3-(4-imidazolyl)prcpionyl  chloride  to  a  well 
stirred  solution  of  58  in  the  presence  of  -  10  molar  excess  of 
triethylamine  or  pyridine  gave  the  desired  coi^jling  to  yield  65  eilong 
with  other  minor  coiiponents.  The  major  conponent  (R^  0.34) ,  the  desired 
product  65,  was  isolated  after  repeated  flash  chrxsnatography  on  silica 
gel  in  15%  yield.  The  structure  of  65  was  confirmed  by  mass  spectral, 
^H  NMR  arti  C.H.N  data.  The  ^H  NMR  (300  MHz)  spectrum  (Figure  2-3)  shows 
65  to  be  solely  in  one  isomeric  form,  and  trans  identity  was  established 
based  on  the  trans  coupling  constant^''  (J  «  15  HZ)  of  the  alkenic 
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doublets.  A  cx3irponent  with  lower  R^  (0.18)  than  65  was  also  isolated 
as  the  side  product  during  the  chramatogr^iiic  s^saration,  and  acxxxanted 
for  about  5%  of  the  crude  yield.  Ihis  side  product  was  assigned 
structure  66  on  the  basis  of  spectral  data,  (Mfl)  peak  at  the  expected 
val\ae  of  565.  The  ^H  NMR  spectrum  showed  the  absence  of  akenic  proton 
signals  and  accounted  for  two  diethylaminoethyl  moieties. 
Mechanistically,  addition  of  M  to  6S  in  a  Michael  fashion  should  yield 

66. 

Rajendra  and  Miller^  have  utilized  Michael  type  addition  of  amino 
groups  to  6,  -unsaturated  O-acylhydroxamates  to  form  B-lactams  with  a- 
amino  substituents.  Allowing  the  reaction  mixture  to  age  over  48  hours 
has  been  shown  to  increase  the  yield  of  side  product  (65)  from  5%  up  to 
about  10%  of  the  total  yield.  On  the  other  hand,  use  of  short  reaction 
time  (less  than  4-5  hours)  resulted  in  a  low  yield  of  65  with  inccnplete 
reaction. 
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The  N-alkylation  of  65  with  alkyl  halides  to  give  mono  or 
dialkylatfid  derivatives  was  not  as  strai^tforward  as  expected.  The 
choice  of  solvent  (or  solvent  system)  was  crucial  for  the  catpletion  of 
reaction  of  65  to  its  dialJc^l  al3cj^lated  derivative  67.  In  general,  less 
polar  solvents  are  expected  to  favor  N-al3cylation  of  more  basic  nitrogen 
(trial3cyl  amine)  over  less  basic  nitrogens  (aronatic  heterocycles) . 
However,  non-polar  solvents  such  as  ethyl  acetate  and  chloroform  with 
excess  or  one  equivalent  of  dodecyl  bromide  gave  a  mixture  of  di-  and 
ircno-dodecyl  quaternary  salts  of  65.  Reaction  in  chloroform- 
acetonitrile  3:1  gave  an  amorphous  solid  of  dialkylated  65  (67)  in  63% 
yield. 

Since  itonoalkylation  of  65  could  not  be  achieved  without  having 
some  degree  of  dialkylation,  attenpts  to  mate  the  monododecyl  salt  of  65 
were  reverted  towarxis  synthesis  of  the  didodecyl  salt.  In  a  similar 
atteirpt,  treating  65  with  excess  of  methyl  iodide  in  chloroform- 
acetonitrile  2:1  in  a  pressure  bottle  afforded  86%  yield  of  the  dimethyl 
analogue  of  65  (68)  •  Purification  of  catpounds  67  and  68  by  solvent 
recrystallization  was  not  successful,  and  the  cationic  nature  of  these 
catpounds  precluded  any  preparative  chrcsnatographic  purifications.  In 
spite  of  these  problems,  the  products  were  purified  by  a  series  of 
solvent  (petroleum  ether,  diethyl  ether  and  ethyl  acetate)  washes.  The 
pure  samples  of  67  and  68  showed  satisfactory  C.  H.  N.  analysis  and  H 

NMR. 

A  few  cptions  are  cited  in  the  literature  for  the  removal  of  O- 
benzyl  groups,  for  exaiiple,  hydrogenation  over  Pd-SrOOj^  and  acidolysis 
selectively  remove  0-benzyl  group  without  cleaving  N-al]<yl  groi^js.   A 
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trial  hydrogenation  of  67  over  2%  Pd-SrOOj  showed  no  sign  of  reaction. 
Hydrogenation  over  5%  Pd-C  in  absolute  ethanol  over  3  days  at  30  psi 
hydrogen  pressure  gave  only  partial  deprotection. 

Finally,  reircival  of  the  benzyl  grat?)  and  the  reduction  of  the 
double  bond  of  67  ard  68  were  acccaxplished  successfully  by  hydrogenation 
over  5%  Pd-C  in  ethanol-water  6:8  over  12  hours  to  give  the  final 
ccnpounds  (hygroscopic  solids)  14  and  15.  It  is  noteworthy  that 
simultaneous  deprotection  and  reduction  in  the  final  st^  eillcwed  the 
elimination  of  three  additional  steps  that  were  originally  planned. 
These  additional  steps  would  have  involved  conversion  of  3-(4- 
imidazolyl)prcpenoic  acid  (60)  to  3- (4-imidazolyl) propionic  acid  (64) 
instead  of  the  direct  use  of  acylchloride  of  60  with  58  to  yield  65. 

The  mass  spectral  data  of  the  final  products  were  obtained  using 
fast-aton  bombardment  (FAB)  in  a  glycerol  matrix.  The  conventional  type 
of  electron  ionization  methods  (e.g.,  low  eV  EI)  often  fail  to  show 
crucial  mass  spectral  data  for  multiquatemary  salts.  The  FAB 
techniques  have  proven^  to  be  the  method  of  choice  for  unveiling 
molecular  ion  peaks  of  quaternary  ammonium  ccnpounds.  The  mass  spectrum 
of  67  showed  a  strong  peak  (M*)  at  the  expected  value  of  680.  However, 
the  mass  spectrum  of  68  showed  no  molecular  ion  peak  but  instead  showed 
a  peak  at  284  corresponding  to  M-N*Et2(Me) .  Ihe  hydroxamic  acids  14  and 
15  showed  strong  (M-1)  peaks  at  the  expected  values  591  and  283 
respectively,  corresponding  to  the  dialkylated  products. 
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Repeated  washings  and  trituration  with  solvents  of  the  oily 
product  yielded  a  pure  saitple  of  14 *  which  gave  satisfactory  C.H.N, 
analysis.  However,  the  elemental  analysis  data  for  the  bis  dimethyl 
hydroxamic  acid  15  varied  over  1%  of  the  expected  values.  The  ^H  NMR 
spectrum  of  15  showed  four  non-equivalent  methyl  peaks  of  vMch  two 
equal  intensity  singlets  at  5  3.0  and  2.90  correspond  to  the  methyl 
giTxp  of  the  tetraall<ylainmonium  moiety,  and  notably  the  spectrum  showed 
two  single  peaks  for  each  imidazole  hydrogen.  This  is  an  indication  for 
the  existence  of  15  in  two  different  ionic  (iscmeric)  forms. 

It  is  logical  to  envision  the  existence  of  15  partly  in  a 
zwitterionic  form,  v*iere  the  anionic  oxygen  forms  the  counterionic 
interaction  with  the  quaternary  aramonixmi  moiety  thrxxK^  a  5-member  ring. 
The  low  pl^  (-7.6)  of  the  hydroxamic  acids  would  allow  part 
d^rotonation  of  15  in  neutral  medium.  Intramolecular  5-member  ring  type 
interaction  of  anionic  oxygen  with  the  ammonium  moiety  has  been 
explained  by  Bodor  et  al.^'  for  the  loss  of  reactivity  (nuclecphilicity) 
of  sane  6-amino  hydroxamic  acids.  As  a  consequence  one  would  expect  the 
reactivity  of  15  to  be  different  than  that  of  14.  15^  physical  chemical 
studies  of  these  hydroxamic  acids  are  cited  elsewhere  in  this  Chapter. 
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Synthesis  of  Oxiirve  EQJR  Ccmpourds 

Ihe  itost  logical  synthetic  scheme  for  oxime  ECNR  coipounds  was 
originally  outlined  (Figure  2-4)  as  pr^jaration  of  l-carboxymethyl 
pyridiniumaldoxime  and  subsequent  tranesterification  or  esterification 
with  an  ajprc^riate  amino  alcohol  followed  by  quatemization  of  these 
esters  with  aUcyl  halides.  The  0-benzyl  protected  pyridinealdoximes 
were  synthesized  frcm  the  corresponding  free  aldoxime  in  50-60%  yield 
and  were  converted  to  l-carbonylmethylpyridinium  derivatives  (71  to  73) 
by  reacting  with  the  apprcpriate  haloacetate  in  solvents  such  as 
acetonitrile,  ethanol  and  IHF  in  a  pressure  bottle.  However,  under 
these  conditions  the  reaction  of  bromoacetic  acid  with  O-benzyl-2- 
aldoxime  gave  only  5%  yield  of  O-benzyl-l-carboxyinethylpyridinium-2- 
aldoxime  branide  (71  fb)).  v^iereas  o-benzylpyridine-3-aldoxiine  gave  an 
80%  yield  of  the  corresponding  carboxyinethylpyridinium  acid  (72) .  Ihis 
explains  the  reduced  nucleophilicity  of  O-benzylpyridine-2-aldoxiine 
relative  to  the  O-benzylpyridine-3-aldoxime  as  the  result  of  increased 
delocalization  through  the  2-oxiine  moiety  and  the  steric  effect  of  the 
benzyl  grot?)  on  the  ring  heteroatom. 
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Figure  2-4:  General  synthetic  schemes  for  oxirae  KNR  ccsxpounds. 
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Attempts        at        tranesterif ication        of        1-ethoxy 
carbonylitethylpyridirdum-<)-benzyl-2-aldoxirne         (71  (bU  with         1,3- 

bis(dimethylamine)-2-propanol  or  N,N-diethylethanolainine  under  various 
conditions  (ZnClg  catalyst,  p-toluene  sulfonic  acid  etc) ,  resulted  in 
formation  of  a  salt  of  l-iivethyl-2-pyridiniuinaldoxime  (74)  and 
decarpostion  products  as  identified  by  ^H  NMR.  A  probable  mechanism  is 
outlined  in  Figure  2-5.  Katritzky  and  co-workers'^^  have  realized  the 
formation  of  1-methylpyridinium  salts  on  heating  t-butoxycarbonylmethyl 
pyridinum  salts  and  postulated  a  decarboxylation  pathway  followed  by  the 
formation  of  1-carboxynvethylpyridinium  betaine.  In  addition,  the 
basicity  of  the  amino  alcohols  would  assist  the  formation  of  a  betaine 
ester  of  (71(b))  by  abstracting  proton  frcm  the  carboxymethyl  moiety, 
vdiich  can  lead  to  the  decaiposition  of  21(b) . 
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Figure  2-5:  Proposed  pathway  of  decarboxylation  reactions  of  the 
l-carboJQTnethylpyridinium-2-aldoxime 
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Alternatively,  coupling  of  the  aminoalcohol  (1/3- 
bis  (dimethylamino) -2-propanol  or  N,N-diethylethanolamine)  to  the 
pyridiniijin  cartxsxylate  moiety  was  attenpted  throtx^  esterif  ication  of  O- 
benzyl-l-carboxymethylpyridiniumaldoximes  (2-  and  3-oxiroes) .  Ihis 
reaction  was  attenpted  in  the  presence  of  the  condensing  agent 
dicyclchexylcartxxiiimide  (DCC)  or  diiscprcpylcarbodiimide  (DIG)  and  a 
catalyst,  like  4-dinethylainincpyridine  (CMAP)  or  hydroxybenzotriazole 
(HOBT) ,  these  reactions  lead  to  no  trace  of  the  expected  product  (75) . 
Instead  a  dicyclchexylurea  (DCU)  adduct*^  of  72  was  obtained.  None  of 
the  attempts,  using  different  molar  ratios  of  DCXycMAP  or  DOC/pyridine, 
and  various  conditions  were  found  to  carry  the  reaction  beyond  the 
formation  of  the  initial  DCU  adduct.  The  stable  adduct  was  isolated  by 
column  chranatograFhy  and  found  to  have  structure  76  on  the  basis  of 
mass  spectrum  (M:  477)  and  ^H  NMR.  Diiscprcpylcarbodiimide  (DIG) ,  often 
used^  as  the  condensing  agent  in  solid  phase  p^Jtide  synthesis,  was 
found  to  have  little  or  no  reactivity  with  l-carboxymethylpyridinivm 
salts  (1-pyridinium  carboxylic  acids) . 
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Figure  2-6  :   Alternative  synthetic  scheme  to  pyridinium  ECNR:  Via 
quatemization  with  braooacylester  of  aminoalcchols. 


Since  all  routes  to  75  via  esterification  of  cartDOxymethyl 
pyridinium  salts  were  unsuccessful,  a  direct  pathway  (Figure  2-6)  to 
target  corpounds  vfcLch  involved  quartemization  of  pyridinealdoxime  with 
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a{¥>rt3priate  brxsnaacylesters  was  attenpted.   Ihe  success  of  this  scheme 
relied  heavily  on  the  preparation  of  the  brtano  ester  of  the  amino 
alcchol,  particularly  the  l,3-bis(dimethylamino)-2^ropanol. 

Ihe  problem  of  self  quatemization  of  free  amino  acylesters  was 
avoided  by  losing  N-aUcylated  aminoalcchols  (79fa)-fc)) .  Attenpts  to 
acylate  79(b)  ard.  79(c)  with  bromoacetyl  branide  in  chloroform  in  the 
presence  of  a  base  such  as  pyridirke,  diisqprcpyl  ethylamine  and 
triethylamine  gave  a  inseparable  mixture  containing  the  desired 
brcmoester  (^H  NMR) ,  salt  of  the  base  and  unreacted  alcohol. 

While  literature  procedures  on  bromo  acylesters  of  aminoalcchols 
and  their  quatemized  derivatives  are  scanty,  a  convenient  way  to  80-81 
was  discovered.  A  reaction  of  neat  bronoacetyl  bromide  in  the  absence 
of  any  solvent  or  base,  with  l,3-bis(al3q'ldimethyl)-2-propanol  at  40°C 
afforded  the  desired  bratoester  in  excellent  yield  (70-85%).  The 
driving  force  for  the  reaction  is  the  eliitiination  of  HBr  gas.  These 
brcrooesters  were  characterized  from  ^H  NMR  and  mass  spectral  (FAB)  data 
and  xosed  in  the  next  synthesis  without  further  purification. 

In  contrast,  l,3-bis(trimethylammonium)-2-propanol  (79 fa))  failed 
to  give  the  corresponding  bromoester  (80  fa))  by  direct  acylation 
methods.  Attenpts  to  prepare  80fa)  losing  the  activated  ester  method^ 
and  mixed  anhydride  method^  as  well  as  the  reaction  with  bramoacetic 
acid  anhydride  were  unsuccessful.  The  reduced  reactivity  for  acylation 
appears  be  the  result  of  insolubility  of  the  quaternary  alcciiol  80  fa)  in 
aprotic  solvents. 
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Figure  2.7  :  Preparation  of  brorooacylester  of  quaternary  aminoalcxahols. 


The  final  step  in  the  preparation  of  oxime  ECNR  (16-19)  involved 
quatemization  of  the  bulky  bromoesters  (80  (bK  80(c)  and  81)  with 
prt3tected  or  unprotected  pyridinealdoxime,  vMch  initially  a^jeared 
inpractical  but  proved  to  be  a  facile  and  general  method  of  pr^aaration 
of  potentially  diverse  analogues  of  pyridinium-l-alkoxycarbonylinethyl 
cxxipounds.  The  reaction  of  the  broio  acylester  of  ammonium  alcohols 
with  pyridinealdoxime  in  1:1  molar  ratio  in  acetonitrile  under  positive 
argon  pressure  afforded  the  target  ECNR  conpounds  in  40-55%  yield.  It 
is  noteworthy  that  unsatisfactory  (<10%)  yields  are  obtained  with 
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solvents  such  as  EMF  and  chloroform,  and  the  increase  in  the  reaction 
tenperature  over  40°C  resulted  in  partly  decaiposed  products. 

The  ^H  NMR  in  EMSO-d^  of  all  ECNRs  (16-19)  showed  the  expected 
pattern.  A  down  field  single  peak  (5  12.9  to  12.35)  for  the  CH  proton 
ard  a  sirqle  peak  (-  S  8.4)  for  the  C»=N  proton  were  seen  for  each  ECNR, 
consistent  with  its  existence  in  one  isaneric  form.  On  the  basis  of 
the  CM  down  field  signal  (<S  12.9  to  12.35)  the  E  configuration  was 
assigned  to  16(b) ,  18 (b)  and  19(b)  by  analogy  with  the  literature 
result.*^  The  ^H  NMR  spectra  in  CMSO-d^  of  16(b),  18(b)  and  19(b)  are 
given  in  Figures  2-7,  2-8  and  2-9.  Unexpectedly  these  spectra  showed 
deuterium  exchange  of  the  carbonylmethylene  peak  (-  5  6.0)  on  addition 
of  CDjOD  in  all  cases.  Ihe  enol  betaine  behavior  of  the 
carbonylmethylene  grot?)  is  the  result  of  nei^iboring  pyridinium  and  the 
carbonyl  grot^js.'^  However,  pyridiniumaldoximes  of  sinple  acylesters 
such  as  21  (i-oc±yloxycarboiTyliiethyl-3-hydroxyimincmethylpyridinium 
bromide)  and  12.  ( i-dodecy  loxycarbony  lmethyl-3 - 
hydroxyimincaTethylpyridiniura  bronide)  showed  no  deuterium  exchange  of 
carbonylmetylene  protons.  Ihis  suggest  that  the  quaternary  airanoniim 
noiety  must  influence  the  acidity  of  the  carbonylmethlene  grcujp  in 
corpounds  16  to  19. 
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Further  characterization  of  cortpounds  16  and  22  were  obtained  fran 
their  elemental  and  mass  spectral  data.  Some  limitations'^  to  the  use 
of  the  FAB  technique  in  gaining  molecular  weight  information  of  the 
pyridinium  salts  with  long  chain  tri  and  dicationic  derivatives  16,  18 
and  li:  the  mass  spectra  showed  pattern  for  intense  fragmentation. 
Atteiipts  to  convert  the  benzyloxime  to  the  corresponding  hydroxamic  acid 
by  hydrxsgenation  over  Pd-C  gave  products  that  lacked  the  carboxy  ester 
portion.  This  indicates  that  selective  removal  of  the  benzyl  groi?)  or 
hydrtjgenation  of  the  imine  bond  can  not  be  performed  with  the  activated 
pyridinium  ester  systems  like  16  to  22  without  cleaving  the  ester  bond. 
Synthesis  of  Oroanophosphate  Esters 

Ihe  synthetic  schemes  for  the  synthesis  of  phosphorus  esters  that 
are  used  as  substrates  to  evaluate  the  hydrolytic  potential  of  ECNR  are 
outlined  in  Figure  2-11.  In  general  cill  phosphates  were  designed  and 
synthesized  to  carry  a  hydrolytically  labile  chrtxncphore,  such  as  4- 
nitrophenol  or  2 , 4-dinitrophenol . 

In  general,  organophosphate  triesters  that  are  analogues  of  nerve 
agents  are  not  available  thrco^  commercial  sources,  and  therefore  must 
be  pr^ared  in  the  laboratory  prior  to  use.  Ihere  are  references  cited 
in  the  literature  for  the  synthesis  of  4-nitrophenyl  derivatives  of 
phospiioric  acid  triester.  However,  no  references  were  found  for  the 
synthesis  of  4-nitrcphenyl  phosphoric  acid  esters  carrying  alkyl  chains 
larger  than  the  butyl  group.  According  to  a  method  (Figure  2-11,  Path 
2)  described  by  Loew  and  Jeff  re/''  methyl  dichlorc^osphate  and  4- 
nitrc^enyl  dichlorophos^iate  was  sequentially  al3coxylated  to  give  mixed 
esters  octyl  methyl  4-nitrophenyl  phosphate  (23)  and  octyl  bis (4- 
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nitrophenyl  phosphate  (24^  /  respectively,  in  excellent  yield.  Ihe  use 
of  non  polar  solvent  (ether)  and  hindered  base  (2,6-lutidine)  are 
reasoned  to  stop  the  reaction  at  the  mono  alkoxylation  stage  in  the 
first  step  and  to  inhibit  nucleophilic  displacement  of  al3ooxy  grxxps  in 
the  second  step.  It  is  noteworthy  that  the  insoliobility  problem  in  the 
second  step  of  the  reaction  was  avoided  by  carrying  cut  the  addition  of 
alkoxide  in  portions  in  the  dry  box. 

The  triesters  isolated  were  characterized  by  ^H  NMR,  UV  and  mass 
spectra  (EI) ,  and  showed  only  a  trace  amount  of  4-nitrcphenol  iirpurity. 
Since  this  inpurity  does  not  affect  the  kinetics  of  the  triester 
hydrolysis,  it  was  decided  to  use  these  products  for  the  hydrolytic 
study  without  further  purification. 

Owing  to  the  hi(^y  toxic  (cholinesterase  inhibitor)  nature  of  the 
products  22  and  23  very  strict  safety  measures  were  assured  for  handling 
and  disposing  these  ccarpounds  and  their  synthetic  intermediates.  All 
reaction  residuals  and  glassware  were  carefully  decontaminated  with  2% 
sodium  hydroxide  solution. 

Ihe  orxganojiiosphate  diesters  are  often  prepared  from 
phosphotriesters.^'^  Ihis  method  is  routinely  employed  in  the 
oligonucleotide  synthesis  vMch  involves  dealkylation  (demethylation) 
and  debenzylation  of  the  triester.  Ihis  conversion  requires  special 
reagents  (generally  strong  nucleophile)  such  as  magnesium- 
tetrahydrofuran  complexes^,  thiophenol^  and  lithium  chloride^ \  and  this 
approach  is  distinctive  and  indirect.  Only  the  mono  nitrcphenyl 
phosphoric  acid  esters  are  prepared  by  direct  phosphorylation  of  the 
corresponding  nitrojAienol  (or  its  salt) .  ' 
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Figure  2-11:  General  synthetic  sequence  for  esters  of  4-nitrcphenyl 
phosphoric  acic3s. 
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Despite  the  potential  use  of  4-nitrophenyl  phosphate  diesters  in 
hydrolytic  studies  of  phosphate  diesterase  enzymes,  it  is  surprising 
that  there  are  only  a  few  exairples'^  in  the  literature  for  the  direct 
preparation  of  these  esters.  In  general,  ajplication  of  the  triester 
method  to  synthesize  diester  monoanion  suffers  from  three  major 
setbacks:  First,  this  method  involves  two  or  three  cLLkoxylation  st^3s 
frcm  the  starting  phosphorylating  agent  and  in  sane  cases  poor  yield'^ 
due  to  low  percentage  yields  in  the  first  alkoxylation  st^.  Second, 
itost  all  4-nitrophenyl  triesters  of  phosphoric  acids  (e.g.,  Paraoxon) 
are  highly  toxic  nerve  agents  and,  therefore,  cause  prcblems  in  the 
handling  and  disposal  of  the  conpounds.  Ihird,  deaDq^lation  (usually 
demethylation)  or  debenzylation  would  not  be  selective  with  mixed 
triesters  carrying  other  labile  groips  and  in  sore  cases  would  require 
use  of  moisture  sensitive  reagents. 

Turner  and  Khorana^  have  described  phosphorylation  of  thymidine- 
3'  to  its  triester  and  diester  with  4-nitrcphenyl  phosphodichloridate 
(82^ .  However,  it  appears  that  direct  use  of  82  to  make  long  chain  or 
other  mixed  4-nitrc^enyl  diesters  and  their  salts  has  not  been  ejqjlored 
so  far.  The  direct  reaction  of  82  with  alcchols  of  interest  under 
conditions  eitployed  for  triester  synthesis  gave  the  corresponding 
roonochloridate,  v*iich  then  on  differential  treatment  either  with 
lutidine  or  acidic  water  gave  the  corresponding  diester  phosphate.  The 
4-nitrc^enyl  monochloridate  was  readily  hydrolyzed  with  aqueous  2,6- 
lutidine  to  provide  the  lutidine  salt  in  50-60%  yield.  Ihe  isolated 
salt  was  found  to  be  >99%  pure  by  ^H  NMR  and  UV.  Increased  solubility 
of  the  lutidine  salts  of  octyl  and  dodecyl  derivative  (26  and  27J  in 
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orrganic  solvents  increased  their  yield  sli(^tly  over  butyl  and  benzyl 
(28  ard  29)  counterparts.   An  attenpt  to  alkoxylate  82  with  2,4- 
dinitrt^enol  resulted  in  the  isolation  of  the  crude  lutidine  salt  of 
31,  v*iich  was  evident  from  the  ^H  NMR,  but  could  not  be  purified. 


OR 


Lutidine  /  HjO 
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Figure  2-12:  Diester  hydrogen  phosphate  synthesis. 


Ihfi  neutral  hydrogen  phosj^iate  form  of  the  diesters  were  obtained 
either  by  eluting  the  lutidine  salt  through  the  acidic  Amberlyst  ion 
exchange  column  or  directly  from  the  monochloridate  by  hydrolyzing  in 
mildly  acidic  water-THF  followed  by  extraction  with  an  organic  solvent 
(chloroform) .  In  contrast  to  the  lutidine  salt,  the  neutral  form  of  the 
diester  is  generally  a  solid,  viiich  was  purified  by  recrystallization  in 
mixed  solvents  to  give  pure  hydrogen  phosphate  diesters  (26  to  30) .  Ihe 
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low  yield  obtained  for  the  ethyl  4-nitrophenyl  phosphate  (30)  is  the 
result  of  its  increased  aqueous  solubility.  All  corpounds  were  found  to 
be  hygroscopic,  and  particularly,  the  dodecyl  (26)  and  the  octyl  (27) 
derivatives  shewed  deconposition  at  25  °C. 

Overall,  the  direct  method  eirployed  here  for  the  synthesis  of  4- 
nitrcphenyl  phosphate  diesters  afforded  a  versatile,  convenient  and  non 
hazardous  synthetic  route  to  spectrosccpically  pure  diesters.  The  mass 
spectra  (EI)  gave  the  molecular  ion  (M*)  in  all  cases  except  the  benzyl 
derivative  30  (M-1  peak) .  The  C,H,N  results  were  within  accepted  values 
and  in  most  cases  accounted  for  the  hydrated  forms.  The  UV  spectra  of 
diesters  (26-32)  showed  X^  around  294  nm  and  in  scjne  cases  absorx>tion 
maxima  were  seen  at  two  wavelengths  (274  and  294  nm) . 

The  ^H  NMR  spectra  of  conpounds  26  to  30  agreed  well  with  the 
assigned  structures.  Figure  2-13  shows  a  ^H  NMR  spectrum  of  n-butyl  4- 
nitrt^enyl  hydrogen  fdiosphate.  The  ^V  -  %  coupling  caused  a 
distinctive  double  split  of  P-O-roethylene  group  with  a  coupling  constant 
of  J»  14  Hz.*^^  The  chemical  shift  of  P-O-methylene  hydrogens  showed  a 
up  field  shift  (5  4.40  to  4.05)  on  conversion  of  the 
phosphcmonochloridate  to  the  hydrogen  phosphate  (or  lutidine  salt) .  The 
"c  NMR  spectra  of  these  diesters  showed  distinctive  ^^P-"c  coupling  of 
P-O-C  carbons. 


•d 
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Several  attenpts  to  synthesize  bis(2,4-dinitrcphenyl)  phosphate 
(33)  using  a  method  described  by  Vilkas  and  cxworkers'^  were 
unsucx^ssful .  The  produc±  isolated  v:5X)n  reaction  of  phosphorous 
oxychloride  with  excess  of  2 , 4-dinitrophenol  in  2,6-lutidine  gave  a  salt 
that  accounted  for  only  one  nitrcphenyl  grrxop    (^H  NMR)  and  less  or  no 

74 

33.  ihis  scilt  turned  pink  on  treatment  with  alkali.  Bunton  and  Farter 
suggested  this  to  be  due  to  the  formation  of  an  cpened  chain  derivative 
of  the  dinitrophenyl  group.  Similar  results  were  encountered  vAien 
pyridine  was  used  as  the  solvent/base.  It  seemed  that  the  major  problem 
was  in  the  insolubility  of  the  2 , 4-dinitrcphenol  in  the  reaction  medium 
(pyridine  or  2,6-lutidine).  Iherefore,  a  modified  reaction  condition,  a 
homDgerjeous  solution  of  2 , 4-dinitrophenol  (recrystallized)  in 
acetonitrile/2 , 6-lutidine  was  reacted  with  redistilled  phosphorous 
oxychloride  for  a  short  period  vAvLch  on  hydrolysis  provided  the  lutidine 
salt  of  12  in  modest  yield  (40%).  The  melting  point  of  the 
recrystallized  product  agreed  with  the  literature  value. 

Synthesis  of  N-Brcarxj  Compounds  and  their  Derivatives 
Oxazolidinone  Systems 

The  2-oxazolidinone  ring  is  often  used  as  a  protective  system  for 
B-hydroxyamino  groi?>s.  Some  2-oxazolidinones  are  physiologically 
active^^*^  and  have  a  number  of  industrial  uses.  Seme  have  uses  in 
cptical  resolution  processes  of  active  B-adrenergic  rec^Jtor  blocking 
agents  (e.g.,  metc^rolol^^''') . 

Pr^aration  of  2-oxazolidinone  usually  involves  reaction  of  the 
e^prcpriate  amino  alcchol  with  a  carbonyl  synthon  such  as  diethyl 
carbonate^^  (EtjOOj) ,  acetone,  carbonyl  imidazole''^  or  urea^''''^,  or  can  be 
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obtained  from  the  decairposition  of  /3-hydrojQ^ethyl  urea^.  Bodor  et  eil. 
aocatplished  synthesis  of  4,4-dimethyl-2-Qxazolidinone  (42)  coipounds  by 
reacting  2-amino-2-inethyl-l-propcinol  with  anhydrous  ethyl  carbonate  in 
the  presence  of  sodium  ethoxide  as  the  catalyst.  In  view  of  the 
expected  interaction  of  the  second  alcohol  grtxp  of  2-ainino-2- 
methylprc^3ane-l,3-diol  (83)  with  anhydrous  ethyl  carbonate,  therefore, 
4-hydroxyinethyl-4-inethyl-2-oxazolidinone  (44)  was  pr^iared  by  a  method 
described  by  Horn  et  al.^  This  involved  thermal  deconposition  of 
substituted  6-hydroxyethylurea,  which  was  formed  in  situ  by  the  reaction 
of  83  with  urea  in  CMF  at  high  teirperature  (150°C)  to  provide  44  in  60% 
yield.  Liberation  of  ammonia  gas  was  envisioned  to  be  the  driving  force 
in  the  two  consequtive  reactions  taking  place  in  the  same  vessel  without 
interruption.  Ihe  product  obtained  agreed  with  all  physiccil  constants 
r^xorted  for  44 •  T^s  ^  NMR  spectrum  showed  AB  coupling  (J^  =  9.5  Hz) 
for  the  oxazolidinone  ring  methylene  hydrogen.  Ooipound  44  can  be 
envisaged  to  exist  in  a  form  in  viiich  the  more  acidic  amide  hydrogen  is 
intramolecularly  hydrogen  bonded  to  the  oxygen  aton  of  the  hydroxyl 

grcup. 
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Sulfation  of  44 

Functionalization  (Figure  2-14)  of  the  hydroxyl  group  of  44  with 
solvibilizing  groups  is  made  taJcing  advantage  of  the  hard  basic  character 
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of  the  hydroxyl  group.  A  sulfated  hydroxyl  group  was  the  major  target 
because  of  the  siirplicity  of  the  reaction  and  the  highly  polar  nature  of 
the  sulfate  group.  Ihe  sulfation  of  primary  alcxhols  is  often  carried 
out  with  an  electrophilic  sulfur  trioxide-base  coiplex  and  the 
preparative  methods  used  were  generally  developed  for  the  synthesis  of 
sulfate  nucleosides.^  The  sulfation  of  44  was  carried  out  by  reacting 
with  sulfur  trioxide-pyridine  conplex  in  warm  acetonitrile  to  give  the 
exclusively  0-sul fated  product  46 fa)  in  60%  yield.  Oarpound  46(a)  was 
characterized  on  the  basis  of  its  ^H  NMR  spectrum  46(a),  vrfiich  showed  a 
distinctive  down  field  shift  (5  3.45  to  3.90)  for  the  methylenesulfate 
hydrogens  and  a  broad  peak  at  5  6.7-6.5  for  the  free  amide  hydrogen 
proton  (N-H) .  Further  characterization  was  obtained  from  the  mass 
spectral  (EI)  and  C,H,N  analytical  data.  The  sodium  salt  of  46(a),  was 
cbtained  by  treatment  with  aqueous  sodium  hydroxide,  and  after  selective 
removal  of  inorganic  salts  provided  a  hygrosccpic  sulfate  salt  (47(b)) 
in  42%  yield.  It  should  be  noted  that  all  sulfate  derivatives  exhibited 
increased  aqueous  solubility  compared  to  the  their  hydroxyl  precursor 

44. 

Prior  to  the  discovery  of  the  above  mentioned  route  (Figure  2-14, 
Path  B)  the  preparation  the  0-sulfated  salt  of  44  was  originally  planned 
throu^  a  route  (Path  A)  that  involves  protection  of  the  amide  nitrogen. 
This  was  suggested  in  view  of  the  fact  that  44  could  be  sulfated  both  at 
the  amide  group  and  hydroxyl  group.  The  N-protection  was  accomplished 
by  reaction  of  a  benzyl  carbamate*^,  vhidh  involved  reaction  of  equal 
molar  sodium  carbonate  and  benzochloroformate  in  aqueous  medium  to 
prx3vide  70%  yield  of  84-   l^e  sulfation  of  84,  ard  the  following 
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d^rotection  of  the  protective  group  by  catalytic  hydrogenation  to 
prx3vide  46(a)  was  not  attertpted  because  Path  B  was  proven  to  be  a  short 
and  sinple  route  to  conpound  46  fa) . 

Initially,  N-brcmination  of  44  and  46(b)  were  carried  out  with 
branine  -  aqueous  sodium  hydroxide.^  The  N-brcminated  44  (45)  was 
isolated  on  precipitation  from  the  reaction  mixture  v*iereas  the  N-brono 
sulfate  derivative  (47)  was  isolated  from  the  aqueous  layer  on  freeze- 
drying.  However,  this  brcaninating  method  unavoidably  produced  an 
inseparable  sodium  bronide  -  47  mixture.  All  attenpts  to  remove  sodium 
bronide  with  solvents  such  as  n-butanol  caused  further  deconposition  of 
the  N-bromo  product.  In  a  modified  reaction,  use  of  bromine  exchange 
reaction  of  N-brcsnosuccinimide  (NBS)  with  46(b)  in  a  carbon 
tetrachloride-water  mixture  was  attenpted.  Ihe  solids  obtained  frcsn  the 
exchange  reaction  contained  only  70%  47,  based  on  molar  brotiine  content, 
and  the  product  contained  suocinimide  as  the  major  inpurity.  In  order 
to  prevent  contamination  of  inseparable  by-products  a  relatively 
uncatimon  brcsninating  agent,  t-butyl  hypobrcsnite  (b.p  115-120  )  ,  was 
used  to  provide  a  ccarplete  conversion  of  46(b)  to  47.  I^e  aqueous  phase 
reaction  (branine  exchange)  of  t-butyl  hypobrcmite  parallels  that  of 
NBS.  The  preparation  t-butyl  hypobromite  involved  first  pr^)aration  of 
aqueous  hypobrcsnous  acid  (HOBr)  in  situ,  vhich  was  achieved  by  reacting 
silver  sulfate  with  aqueous  brtmine®  (Figure  2-15) .  The  reaction  of 
hypcbrcmous  acid  with  t-butanol  gave  t-butyl  hypcbronite  in  a  crude 
yield  of  70-80%.  Ihe  reaction  of  t-butyl  hypobranite  with  aqueous 
solution  of  46(b)  yielded  47  with  practically  quantitative  (100%) 
brcitiine  content.  Ihe  advantage  over  other  brominating  agents  is  that  t- 
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butyl  hypcbromite  yields  t-butanol  on  reac±ion,  vAiich  is  easily  removed 
by  evc^xDration.  t-BuOBr  is  a  strong  broninating  agent  v*iich  does  not 
require  an  inorganic  base  (NaCH)  for  the  brtanine  exchange  reaction. 
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Figure  2-14:  Synthetic  scheme  of  (N-bramo-4-methyl-2-oxazolidinone-4- 

yl) methyl  sulfate. 
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The  product  47  showed  a  ^H  NMR  spectrvmi  only  slightly  diffemce 
fron  that  of  46.  The  mass  spectra  of  47  with  FAB  (or  EE)  did  not 
provide  molecular  ion  information  due  to  the  intense  fragmentation  of 
the  molecule.  The  iodometric  titration  of  47  showed  one  equivalent  of 
branine  incorporation.  The  UV  spectrum  showed  ^  (pH  9.3)  at  273  nm, 
vMch  is  in  close  proximity  with  the  absorption  wavelength  of  3-brcirnD- 
4,4-dimethyl-2-oxazolidinone  (  ^^  278  nm) . 
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Figure   2-15:   Bronination   of   (4-methyl-2-oxazolidinone-4-yl)  methyl 
sulfate 


Succinoyl  Derivative  of  44 

The  synthesis  of  4-succinyloxymethyl-4-methyl-2-oxazolidinone  (48) 
was  accortplished  by  reacting  44  in  the  presence  of  equal  molar  pyridine 
and  a  sli^t  excess  of  succinic  anhydride  to  obtain  49  in  73%  yield.  It 
should  be  mentioned  that  the  use  of  excess  pyridine  (more  than  1.05 
equivalent)  resulted  in  a  mixture  of  products,  which  may  well  be  due  to 
ccnpeting  acylation  at  the  amide  nitrogen. 

The  ^H  NMR  of  48  in  CDCI3  solution  indicated  a  singlet  {S   2.5)  for 
the  succinoyl  methylene  hydrogens,  and  a  down  field  peak  at  6   4.10  was 
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observed  for  methyleneoxy  hydrogens  v*uch  coalesced  with  the  AA'BB' 
quartet  of  the  oxazolidinone  ring  protons.  The  mass  spectrum  (EI)  of  48 
showed  an  intense  peak  (M*)  at  the  expected  value  for  the  free  acid. 

Ihe  N-branination  of  48  was  carried  out  with  aquecus  brcmine- 
sodium  hydroxide  (2NaCfVBr2) ,  a  method  described  for  N-bronination  of 
4,4-dimethyl-2-oxazolidinone  (42)'^  and  yielded  the  N-broninated 
carboxylate  salt  of  48  (49)  was  obtained  in  36%  yield.  Ihe 
characteriztion  of  49  by  the  iodcanetric  tiration  showed  >95%  positive 
brotiine  content.  The  low  yield  may  well  be  the  result  of  a  side 
reaction,  the  oxidation  of  the  carboxylate  moiety  of  48.  The  mass 
spectrum  (EI)  of  49  clearly  showed  intense  isotc^je  peaks  of  the 
fragmentation  ion  {M-CHfO^')  for  the  loss  of  acetate  group  from  the 
molecular  anion  at  the  expected  values  of  253  (°^Br)  and  251,  (^r) 
v*iich  is  consistent  with  the  structure. 
Diethvlaminoethoxv  derivative  of  44 

Ihe  insertion  of  ^-diethylaminoethanol  moiety  to  44  was  aimed  as  a 
strategy  by  vAiich  retain  a  highly  polar  quaternary  ammonium  group  can  be 
introduced  to  the  itolecule.  The  reaction  of  chloroethyldiethylamine 
with  bis  anionic  44  gave  the  expected  0-al3cylated  product  50. 
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Figure  2-16:  Synthetic  scheme  for  polar  derivative  of  4-hydroxyinethyl- 
4-inethyl-2-oxazolidinone. 
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The  reaction  involved  generation  of  dianionic  44  in  situ  with  two 
molar  equivalent  of  sodium  hydride,  in  which  the  altoxy  anion  is  more 
basic  than  the  amide  anion,  and  therefore,  was  expected  to  react  first. 
The  prtxluct  mixture  obtained  contained  predcminantly  (9:2)  the  O- 
alkylated  85.  Separation  throo^  a  silica  gel  column  afforded  O- 
aBylated  product  (50)  in  33%  yield  and  a  less  polar  ccnponent  (oil)  was 
cbtained  in  9.3%  yield.  The  ^H  NMR  of  50  showed  a  distinct  broad  peak 
at  around  6  7.5,  vMch  appears  in  the  region  for  the  acidic  hydrogen  of 
the  amide  hydrogen.  The  IR  spectrum  (NaBr)  of  50  shewed  a  marked 
decrease  in  the  broadness  at  3500-3100  cra'^  contrast  to  the  parent 
molecule  44,  which  is  in  good  agreement  with  the  loss  of  the  hydroxyl 
group.  However,  more  confirmative  evidence  for  O-alkylation  was 
obtained  from  the  "c  NMR  (decoupled  and  APT)  study  (Figure  2-17)  of 
44,  50,  and  i,3-bis(dimethylamino)-l-propanol  (83)  as  well  as  other 
model  cotpounds  such  as  prcpanol,  prt^yj^l  ether  and  prc^xDxyethanol . 

The  "c  chemical  shift  of  the  hydroxymethylene  carbon  (Oipi)  of  44 
shows  a  significant  downfield  shift  by  about  5  ppm  on  alkylation  of  the 
oxygen.^^  In  addition,  N-alkylation  of  44  should  significantly  alter 
the  chemical  shift  of  the  neighbouring  (carbonyl)  carbon  (C-2) ,  but  50 
spears  to  have  almost  identical  chemical  shift  (5  158.7  and  S  159.0) 
that  of  its  parent  molecule  44  •  These  data  are  in  close  agreement  with 
the  0-monoalkylated  product  (50) .  A  trial  bronination  of  50  yielded  a 
braninated  product  having  one  equivalent  of  branine  incorporated 
(iodometry).  On  the  basis  of  the  mass  spectrum,  TTT  and  ^H  NMR  the 
minor  catponent  (less  polar  corrponent)  isolated  frcsti  the  reaction 
mixture  was  assigned  structure  85. 
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85 
Quatemization  of  50  with  methyl  iodide  provided  the  water 
soluble  N-diethylmethylainmonium  salt  (51)  in  76%  yield.  In  a  similar 
manner  50  was  reacted  with  dodecyl  brcmide  to  the  ammonium  salt  52  (70% 
yield) ,  vMch  was  found  to  be  soluble  both  in  water  and  in  chloroform 
and,  was  ejq^ected  to  have  itiicellar  prcperties.  The  mass  spectra  (FAB) 
of  51  and  52  contained  strong  peaks  (M*)  at  the  expected  values  of  245 
and  399  respectively,  v^iich  were  consistent  with  their  structure. 
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Figure  2-17:  The  ^^C  chemical  shift  assignment  of  4- ()9-dimetylamino) 
ethoxymethyl-4-metyl-2-oxazolidinone  (50)   and  model  ccaipounds. 
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Dimethylalvcouril  System 

Dirnethylglycouril  (54)  was  prepared  according  to  the  method 
described  by  Franchiircnt  and  Klobbie^  using  a  condensation  reaction  of 
urea  and  methyl  diJcetone.  The  corrpound  54(a)  was  found  to  be 
practically  insol\±ile  in  all  solvents  including  dimethyl  sulfoxide  and 
only  soluble  in  trifluroacetic  acid.  Purification  was  achived  by 
suspending  it  in  hot  dimethyl  sulfoxide  solution.  The  identity  of 
ccnpound  54  fa)  was  established  from  the  ^H  NMR  spectrum  in  trifluoro 
acetic  acid,  vdiich  showed  a  singlet  at  S  1.3  for  methyl  groups  and  a 
broad  peak  at  5  7.2-7.0  for  the  NH  protons.  Ihe  mass  spectrum  (EI)  of 
54  fa)  showed  strong  (Mfl)  peak  at  the  expected  vcilue  of  171. 

Ihe  N-bromination  of  54(a)  was  achieved  with  four  molar  equivalent 
of  aqueous  brxxiine  sodium  hydroxide,  vMch  provided  the  tetrabromo 
dimethylglycouril  (54  (b) )  in  59%  yield  as  a  faint  yellow  non  hygroscc^ic 
product.  lodcmetric  titration  of  the  product  verified  to  have  four 
molar  bronine  ii>corporation  and  the  mass  spectral  (EI)  analysis  showed 
low  intensity  isotope  peaks  (M-6)  at  486,  484  and  482  at  the  expected 
values.  Ihe  ^H  NMR  spectrum  54  fb)  was  obtained  in  CDjOD  solution 
(sparingly  soluble)  immediately  on  preparation  and  showed  slight  down 
field  (S  1.3  to  1.5)  shift  for  methyl  protons  from  that  of  the  parent 
molecule  (54 fa)) .  Ihe  product  54 fb)  was  surprisingly  stable  relative  to 
any  N-brono  oxazolidinone  drivatives,  and  found  to  have  a  half  life  over 
two  yecirs  at  roan  tenperature. 

An  approach  to  monohydroxymethylate  54(a)  was  using  literature 
methods  ^'^  described  for  the  monohydroxymethylation  of  5,5- 
diphenylhydantoin.   Ihis  method  gave  pol^tiydroxymethylated  cotpounds 
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under  various  conditions.  Since  conpound  54(a)  is  a  symmetxic  molecule, 
it  exhibits  no  selectivity  for  monosubstitution.  In  addition,  the 
subsequent  reaction  of  formaldehyde  with  hydroxymethylated  54(a)  appears 
to  be  drastically  faster  than  the  initial  reaction  due  to  the  increased 
solubility  of  the  hydroxymethylated  products  and  hence  leads  to 
polysubstitution . 
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-C-C 


CH. 
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Figure  2-20:  Synthetic  scheme  to  dimethylglycouril  (54)  and  attetrpted 
nonosubstitution  reactions. 
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Mbnofunctionalization  was  also  attenpted  by  reacting  ethyl 
bronoacetate,  succinic  anhydride  and  Mannich  bases  with  neutral  and 
monoanionic  fin  situ)  54  fa) .  All  these  attenpts  failed  to  give  the 
desired  product,  but  in  most  cases  gave  unreacted  starting  amide.  It 
can  be  envisaged  that  the  major  problem  is  the  insolubility  of  54  (a) , 
practically  in  all  protic  and  aprotic  solvents.    An  alternative 
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approach,  throu^  a  retrosynthetic  route,  v*iich  involved  condensation 
of  hydroxyphenylurea  (86)  with  methyl  diketone  in  the  presence  of  TFA 
gave  condensed  product.   Ihis  product  appeared  to  have  structure  ( H 
NMR)  88/  but  not  the  desired  product  87. 


HN 


HOPIT 


PhOH 


NH 


HOPh 
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88 
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Fhysical-Chendcal  Studies  of  ECNR  Compounds 
Detentimation  of  Physical  Constants 
Ionization  constants 

It  has  been  established  that  the  pK^  constitutes  an  iirportant 
factor  in  the  Iq  vivo  and  in  vitro  efficacy  of  nuclecphilic  antidotes 
in  reactivating  inhibited  enzyme.^  Of  the  nuclecphiles  studied'  so 
far,  it  is  believed  that  for  a  maximum  reactivation  efficacy  the 
reagents  should  fall  within  the  pK^  values  of  7.5  to  8.5,  and  anything 
outside  of  this  range  eiqjected  to  show  reduced  reactivation  of  the 
inhibited  enzyme.  This  emerges  from  the  fact  that  an  efficient 
reactivator  should  have  adequate  anionic  concentration  at  the 
physiological  pH,  which  indicates  that  the  pK^  should  be  low  enough  to 
provide  such  concentration.  On  the  other  hand,  too  lew  pK^  values  make 
the  ccnpounds  too  acidic  and  renders  them  less  nuclecphilic. 

Ihe  pl^  of  ECNR  ccnpounds  11/  16(b).  18  fb)  and  18(b)  were 
determined  spectrophotcaiietrically.  The  analytical  wavelength  used  was 
that  at  v^iich  the  greatest  difference  between  the  absorbances  of  neutral 
and  anionic  species  was  observed.  The  average  pK^  values  that  were 
determined  from  the  sigmoid  plots  of  absorbance  against  ?«  of  the  buffer 
solution  around  the  half  neutralization  point  using  equation  2-1. 
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pKg  =         pH         +        log     [^max      '      ^obs] 

l"obs       "      ^minJ 


Ecjl  2-1 


Table  2-1:  Apparent  ionization  constants  of  ECNR  and  reference 
carpounds. 


Code  names 

Conpd 

PK." 

HA 

ii 

7.58  ±  0.03'' 

LLmHA^^ 

5. 

9.04 

ImHA^^ 

88 

9.50 

Bis-4-oxime 

19(b) 

7.69  ±  0.01 

Bis-3-oxime 

16  fb) 

9.30  ±  0.08 

3-PDI^^ 

3(a) 

9.38 

Mono-3-oxime 

18(a) 

9.11  ±  0.03 

2-PAM^ 

3 

7.68 

a:  determined  specctrophotometrically  at  35  °C  at  in  0.05M  buffer, 
b:   0.03M  buffer. 

Ihe  apparent  pK^  of  3-oxime  ECNR  16 fb)  and  18 fb)  (9.30  and  9.11) 
can  be  conpared  with  that  of  l-alkylpyridinium-3-oximes  (9.1-9.5)  . 
The  apparent  pl^  of  4-oxiine  ECNR  19(b)  (7.51)  can  be  ccnpared  with  that 
of  i-methy Ipy r id  in ium-4 -aldoxime  and  1-alkyl 
dimethylaminoethylpyridiniuitt-4-oxiine  (8.25  and  8.40) ^^  It  is  apparent 
that  the  low  pK^  value  of  the  4-oxiine  fl9fb))  is  the  result  of  greater 
degree  of  delocalization  in  the  oximate  anion  relative  to  the  3-oxiines. 
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Ihe  increased  acidity  of  19(b)  relative  to  the  l-alkylpyridinium-4- 
aldoxiine  analogues  may  well  be  due  to  the  medium  effect  of  the 
dicationic  ammonium  moieties. 

The  ^H  NMR  spectra  of  the  oxime  ECNRs  (16  to  19)  were  indicative 
(deuterium  exchange)  of  the  acidic  cabonyLmethyl  group  in  each  case, 
vrtiich  is  can  be  predicted  to  have  an  acidity  constant  between  diethyl 
malonate  (pK^  12.8)^  and  ethyl  nitroacetate  (pKg  5.8)^.  Unfortunately, 
in  the  spectrophotcinetric  method  it  is  more  caiplex  to  determine  pl^ 
values  of  two  ionizable  groups  that  lie  within  3pl^  units  of  one  another 
without  the  use  of  a  conputer  program. ^^'^  On  the  basis  of  spectral 
properties  and  pK^  values  of  reference  conpounds^^'®  the  acidity  can  be 
assigned  to  ionization  of  the  oxime  proton. 

The  afparent  pK^  (7.58)  determined  for  the  hydroxamic  acid  14  is 
1.0  to  2.0  units  lower  than  the  reference  conpounds  5  (9.38)  and  N- 
laurylbenzchydroxamic  acid  (8.41)^^.  The  pK^  for  the  d^rotonation 
protonation  at  the  basic  nitrogen  of  1,4-dialkYl  substituted  imidazoles 
has  been  reported  to  have  values  between  7.6-8.6.*  However,  this  acid- 
base  equilibrium  is  not  expected  to  display  significantly  different  UV- 
VIS  spectra.  This  suggested  that  the  pl^  observed  for  14  involved  the 
hydroxamate  anion  rather  than  the  basic  imidazole  nitrogen.  Tabushi  et 
al.**  have  suggested  that  the  micellar  state  may  be  involved  in  reducing 
the  pKg  by  assisting  deprotonation  of  the  hydroxamic  acid. 
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Critical  micelle  concentration  (O^C) 

The  CMC  of  micelles  can  be  experimentally  determined  by  several 

90(3) 

methods  available  that  are  summarized  by  Shinoda,  et  al. 
Fluorescence  spectroscopy  was  eirployed  to  determine  the  CMC  of  those 
EOJR  carpounds  that  were  ej<pected  to  shew  micellar  prcperties. 
Dissolution  of  the  reagent  in  aqueous  solution  does  not  affect  the 
flioorescence  characteristics  of  a  micellar  reagent  solution  until  the 
CMC  is  reached.  Thus,  an  emission  spectrum  of  a  micelle  just  above  the 
CMC  shows  a  shift  (variation)  in  its  fluorescence  character  (e.g.,  X^) 
vAiereby  changing  the  X^  to  another  wavelength  causes  a  conspicuous 
change  in  the  fluorescence  rate  at  the  wavelength  it  was  initially 
observed.  These  spectral  shifts  were  used  to  determine  the  CMC  of 
detergents  that  are  difficult  to  determine  by  more  conventional 
methods.*'^ 


Table  2-2:  Criticle  micelle  concentration  of  sane  ECNR 
and  reference  cotpounds  at  35°. 


Code  name     compound    10  Xcmc,  M 


HA  14^  2.28       (2.10) 

LlmHA  F  1-1°  . 

3-PDI  3fa)"  0.63'' 

Bis-3-oxime  16Ial*^  5-^?s     (4.65) 

CTAB*  2.5^^ 


(  )  at25' 

a:  buffer(0.03M) ,  pH  9.3  (ext.  344:  emis.  422  nm) 

b:  buffer(0.05M),  pH  10.40  (surface  method) 

c:  buffer(0.05M) ,  pH  9.3  (ext.  410:  emis.  478  nm) 

d:  buffer(0.05M) ,  pH  9.3  (ext.  400:  emis.  462  nm) 

e:  buffer(0.05M) ,  pH  9.3  (surface  tensio  method) 
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The  CMC  values  determined  for  14  and  16  fb^  frcm  the  points  of 
inflexion  of  these  curves  are  2.10x10"'  and  4.65x10''  respectively  at 
35°C.  Both  (14  and  16 (b))  showed  a  decrease  in  emission  rate  above 
their  CMC.  However,  16(b)  shows  a  regain  in  fluorescence  rate  well 
above  the  CMC  which  may  be  an  indication  of  a  biphasic  shift  in  the 
micelle  monomer  equilibrium'°^''^  state  before  and  after  the  CMC.  Ihe 
CMC  values  of  14  (HA)  and  16  fb)  (bis-3-oximes)  is  coipared  with  those  of 
seme  analogous  caipounds,  5^°  and  3(a)^^  in  Table  3-2.  On  ccsaparison, 
16 fb)  shows  hi<^er  (4.65x10'^  M)  CMC  vcilue  than  its  l-alkyl  derivative 
3  fa)  (1.63x10"'  M),  v*iich  may  well  be  due  to  the  increased  polarity  of 
16 fb)  caused  by  the  dicationic  diairnionium  moiety.  On  the  other  hand,  14 
ejdiibited  a  CMC  value  (2.28x10"'  M)  close  to  that  of  CIAB  (2.5x10"  M) 
under  similar  conditions.  Ihe  connection  between  the  ciserved  CMC  and 
the  reactivities  of  these  ECNRs  against  organophosphorus  ccsipounds  will 
be  discussed  in  the  next  subheading. 
Reaction  Kinetics 
General  scheme 

All  )cinetic  experiments  followed  the  general  outline,  given  by 
equation  2-2,  vAiere  K^  is  the  c±)served  pseudo  first  order  rate  constant 
at  >  10  fold  excess  of  nucleophile  concentration  over  the  fixed 
substrate  concentration  and  Kg  is  the  apparent  second  order  rate 
constant  for  the  nucleophilic  reaction,  and  Kj,  is  the  second  order 
reaction  for  the  buffer  hydrolysis  of  the  substrate.  The  K^^  is  also 
equal  to  K^jceUe  °^  "^^  micellar  reactions. 


104 
IW  =^ceue  =  K2[NU]  +  K,[OH]  Eqn  2-2 

In  most  cases,  at  pH  9.5,  the  buffer  hydrolysis  (Kj,)  is 
negligible.  By  keeping  the  substrate  oancentration  constant,  the 
^parent  second  order  rate  ccaistant  for  the  overall  process  was  obtained 
from  the  slcpe  of  H^  versus  [nuclecphile] .  In  general,  all  reactions 
followed  a  linear  first  order  process  d^3endent  of  nucleophile 
concentration  (at  least  up  to  the  CMC  of  the  ECNR) .  Other  treatments  of 
kinetic  data  are  specified  under  the  specific  exanples. 
Triester  hydrolysis  bv  EQIR 

The  hydrolytic  efficiency  of  ECNR  against  an  organophosphate 
triester  was  studied  prior  to  their  action  with  diester  anions. 
Paraoxon  has  been  previously  used^^'^  as  a  good  model  substrate.  The  pH 
of  the  medium  was  set  at  9.4,  sufficiently  alkaline  is  to  have 
significant  amounts  of  the  active  nucleophilic  (anionic)  form  of  ECNR, 
yet  mild  enou^  that  buffer  hydrolysis  of  the  triester  be  negligible. 
Paraoxon  (23)  is  a  structural  analogue  of  alkyl  (or  aryl)  4-nitrophenyl 
phosphate  diesters,  therefore,  the  kinetic  data  of  this  reaction  would 
be  significant  for  conparison  studies.  A  Paraoxon  analogue,  octyl 
methyl  4-nitroFhenyl  phosphate  (24),  more  lipophilic  than  Paraoxon,  was 
studied  to  investigate  the  influence  of  the  hydrophobic  octyl  chain  on 
the  hydrolytic  rate.  Other  triesters  such  as  testosterone  methyl, 
chloromethyl,  4-nitroFhenyl  phosphate  and  testosterone  methyl  4- 
nitrophenyl  phosphate  were  tested  against  sane  ECNR  in  order  to  evaluate 
reactivity  of  these  reagents  with  sterically  hindered  phosphorus 
triesters. 
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Reaction  of  hydroxamic  acid  with  phosphate  triesters 

•Die  reaction  of  Paraoxon  (5.5x10"^  M)  with  hydroxamic  acid  14 
(0.38  to  2.75x10'^  M)  was  carried  out  at  pH  9.3.  The  kinetic  data  are 
summarized  in  Table  2-3.  Ihe  pseuJo  first  order  rate  constant  K^,  was 
obtained  fran  the  half  life  determined  frcrn  the  semilogarithmic  plot  of 
\-I^,  vAiere  \  and  A^,  are  the  absorbances  of  p-nitrcphenolate  at  time  t 
and  infinite  time  respectively.  At  2.75x10'^  M  concentration  of  14  the 
reaction  was  over  within  17  minutes.  The  plot  (Figure  2-22)  of  observed 
first  order  rate  constants  c±)tained  for  the  reaction  at  different 
concentrations  of  14  shows  a  linearity  between  0.30  and  1.50x10  M  and 
a  deviation  fron  the  linearity  around  1.6x10''  M,  v*iich  is  an  indication 
of  a  micellar  acceleration  of  the  reaction.  The  concentration  of  14  at 
the  point  of  deviation  was  in  close  agreement  with  the  CMC  measured 
(2.10x10'^  M)  using  the  fluorescer»ce  emission  method.  The  acceleration 
factor  of  152  times  more  than  buffer  hydrolysis  was  realized  at  2.2x10 
M  of  14,  at  pH  9.4.  The  second  order  rate  constant  for  this  process 
obtained  fron  the  linear  portion  of  the  plot  (Figure  2-22)  was  14.94  M' 


The  acceleration  factor  is  300  fold  at  25°C  which  is  twice  as 
much  as  the  acceleration  at  35°C.  This  relates  to  the  temperature 
ef fect^''"^"^  that  may  reorganize  the  micellar  shape  to  include  more  bound 
reactants  at  low  tenperature. 
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Table  2-3:  Kinetic  data  for  the  hydrolysis  of  Paraoxon^  at  various 
concentration  of  14  in  aqueous  buffer  pH  9.3  (0.03M) . 


Cone,  M 
xlO^ 

ti/2.  niin 

•w^^" 

accn 

at  35   'C 

3.75 

130.40 

0.531 

22^ 

7.35 

67.62 

1.02 

42= 

8.02 

62.9 

1.11 

45 

12.4 

37.64 

1.84 

76 

13.6 

30.65 

2.26 

93 

15.4 

26.5 

2.60 

107 

22.9 

18.7 

3.71 

152 

28.1 

17.7 

3.91 

168 

buffer 

2840.4 

0.0245 

BzHA  (673 

1424.0 

0.0487 

2 

(14.5) 

at  25  'C 


1.43 

73.9 

0.937 

2.1 

52.3 

1.33 

buffer 

15623 

0.0044 

2ir 

300^^ 


a:  Paraoxon  (5.5x10'^) 

b:  std  deviation  was  less  than  5%  of  the  rate  constant  listed. 

c:  buffer  (O.OlM) 

d:  buffer  (0.02M) 
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Figure  2-21:  The  structure  of  ECNR  cxirpounds. 
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Figure  2-22:  Hydrolysis  of  Paraoxon  by  hydroxamic  acid  14  in  pH  9.3  at 
35^C. 
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Figure  2-23:  Hydrolysis  of  octyl  methyl  4-nitrophenyl  phosphate  by 
hydroxamic  acid  14  at  35°C. 
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Figiare  2-24:  Hartley  model  of  micelle. 
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Ihe  reaction  of  14  with  24  (octyl  methyl  4-nitrophenyl  phosphate) 
is  extremely  fast  and  was  ccnpleted  within  a  few  minutes  with  a 
magnituae  of  rate  enhancement  over  2,000  fold  at  a  reactant 
CCTicentratic«i  of  1.6x10"'  M.  The  apparent  sectaid  order  rate  constant 
for  this  process  ccilculated  fran  the  linear  portion  of  the  plot  (Figure 
2-23)  of  cbserved  first  order  rate  constant  against  concentration  of  14 
was  315.0  M"^  min"\  To  date,  no  cationic  functional  surfactants  found 
in  the  literature  have  shown  ccanparable  acceleration  of  the  hydrolysis 
of  organophosphates. 


Table  2-4:  Kinetic  data  for  the  hydrolysis  of  octyl  methyl         ^ 
4-nitrophenyl  phosphate^  by  14  in  aqueous  buffer  pH  9.3  (0.03M)  at  35  C. 


;,  xio'^ 


t^n' 


K^  ^  min-^ 


accn 


2.39 

6.88 

14.0 

15.0 

30.0 

49.0  (15) 

buffer 


a:  octyl  methyl  RJPP  (5.5-6.5x10'^) 
b:  r  =  0.997±0.002 
c:  extr^xjlated 


2.70 

0.257 

745 

1.87 

0.370 

1082 

4.65 

0.465 

1370 

1.07 

0.648 

1910 

<0.5^ 

1.386 

1113 

6.22x10"^ 

2.55 

2042 

3.99x10'^ 

The  micellar  reactions  of  phosphate  esters  and  carboxylic  esters 
and  cationic  functional  reagents  are  believed  to  occur  at  the  Stem 
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region  of  the  generally  acx:epted  classical  Hartley  model^''^  of  the 
micelle  (Figure  2-24) .  The  predaninant  source  for  rate  enhancement  is 
concentration  of  reactants  into  a  small  volume  element.  Beside  the 
nature  of  the  functional  surfactant  the  micellar  reaction  depends, 
generally,  on  factors  affecting  micellar  volume  and  degree  of 
ircorporation  of  reactive  entities.^  It  could  be  suggested  that 
Paraoxon  is  sufficiently  incorporated  in  the  micelle  surface  to  allow 
appropriate  interaction  between  reactive  groips  of  the  phosphate  and 
hydroxamate  anion  of  the  micelle  in  order  to  give  such  rate  enhancement. 
Ihe  addition  of  ethanol  decreases  the  micellar  volume  by  increasing  the 
CMC,  and  therefore  decreases  the  reactivity. '°^'^'  Ihe  reaction  of  14  with 
Paraoxon  can  be  carpared  with  that  of  sane  N-al3o^l  B-amino  hydroxamic 
acids  in  the  presence  of  CTAB^'  fron  \^iich  it  can  be  stated  that  14 
behaves  efficiently  as  a  nuclecphile  and  a  cationic  surfactant. 

Ihe  huge  rate  enhancement  of  the  hydrolysis  of  octyl  methyl  RJPP 
(24)  is  the  result  of  the  hydrophobic  octyl  moiety.  The  octyl  moiety 
allows  the  phosphate  ester  able  to  penetrate  sufficiently  beyond  the 
micellar  surface  by  dissolving  in  the  hydrophobic  core  of  the  micelle 
and  thereby  allowing  excellent  incorporation  of  the  substrate.  It  has 
been  shown''°^''\  in  general,  that  increasing  chain  length  of  the  substrate 
enhances  the  reactant  concentration  in  the  micellar  Stem  layer,  and 
therefore  increases  the  hydrolytic  rate.  Ihe  buffer  hydrolysis  of  24  at 
pH  9.5  was  somewhat  slower  than  that  of  Paraoxon  under  the  same 
condition,  vMch  can  be  reasoned  by  steric  hinderance  of  octyl  group  on 
attack  by  OH"  relative  to  non  hindered  Paraoxon. 
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Reactivity  of  N-methvl  analogue  of  14 

Cotpound  15,  the  methyl  analogue  of  14/  showed  low  reactivity 
(Table  2-5)  against  Paraoxcai  and  octyl  methyl  HJPP  under  conditions  used 
for  14'  TTiJs  result  was  expected  due  to  the  lack  of  hydrophobic 
character  of  15  needed  to  form  micelles  in  the  aqueous  medium.  In 
addition,  15  may  exist  ccnpletely  or  partially  in  a  zwitterionic  form 
(betaine)  in  the  aqueous  medium,  as  it  is  evident  from  the  H  NMR 
spectrum,  and  consequently,  play  a  role  in  reducing  the  nucleophilicity 
of  the  hydroxamate  anion."*  Coiparison  of  the  second  order  rate 
constant  of  15  (0.087  M'^  min"'')  with  the  first  order  rate  constant  of  14 
shows  that  the  rate  enhancement  in  the  functional  micelle  is  caused  by 
the  increase  in  concentration  of  reactive  groijps  at  the  micellar 
surface. 


Table  2-5:  Hydrolysis  of  Paraoxon"  by  15  (non-micellar  analogue  of  14) 
in  pH  9-5  (0.03M)  at  35°C. 


Cone,  M 


t^/j,  min 


K^,  min" 


Accn. 


1.23x10': 
4.90x10'; 
6.12x10" 
buffer 


5.5x10'^ 


2065.13 
1112.58 
889.86 
2840.43 


3.36x10 
6.22x14' 
7.80x10' 
2.44x10 


-4 


-4 


1.4 
2.6 
3.2 
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Reactivity  of  oxime  ECUR  with  triester 

The  pseudounimolecular  kinetic  constants  of  the  oxiitie  EC1>IR  are 
summarized  in  Table  2-6.  All  the  oxime  caipounds  showed  reactivity  with 
Paraoxon,  but  much  slower  than  the  hydroxamic  acid  14  at  pH  9.4,  35°C. 
Among  all  of  these  caipounds,  the  bis-dodecyl-4-oxime  (19(b))  appears  to 
have  hi(^  reactivity  against  Paraoxcn;  the  reactivity  of  19(b)  at 
2.76x10''  M  can  be  conpared  with  14  at  3.75x10'*  M.  Despite  the  low 
reactivity,  oxime  ECNRs  f 16(b).  17  fb) .  18 fb)  and  19(b))  showed 
acceleration  of  hydrolysis  of  Paraoxon.  Similar  to  14/  the  bis-dodecyl- 
3-oxime  (16 fb))  showed  increased  reactivity  with  octyl  methyl  HJPP  (24) . 
For  exanple,  the  half  life  of  Paraoxon  at  1.47x10'-^  M  16(b)  was  400 
minutes,  viiereas  xonder  the  same  conditions  octyl  methyl  EWPP  was 
hydrolyzed  with  a  half  life  of  44  minutes. 

The  relative  reactivity  (Figure  2-24)  of  oxime  ECNRs  against 
Paraoxon  is  in  the  order  of  Bis-dod-4 -oxime  (19(b)  >  Bis-dod-3-oxijn:ve 
(16(b))  >  Mono-dod-3-oxime  (18(a))  >  Bis  but-3-oxime  (17(b)  >  1- 
nonyloxycaibonylmethyl  pyridinium-3 -oxime  (21)  >  1-dodecyloxycarbonyl 
methyl  pyridinium-3-oxime  (22) . 

It  is  known  that  3-oximes  eidiibit  more  nuclec^iiilic  character  than 
4-oximes  in  basic  solution.  However,  the  reactivity  of  3-oxime  16(b) 
(pl^  9.38)  was  about  half  that  of  4-oxime  19(a)  (pK^  7.69)  with  Paraoxon 
at  pH  9.4.  This  can  be  reasoned  by  accounting  for  the  free  oximate 
anion^^  concentration  available  in  both  cases  at  pH  9.4. 
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Table  2-6:  Kinetic  data  of  the  reaction  of  oxime  ECNRs  with  Paraoxon 
ard  octyl  methyl  FNPP  at  35'C   in  pH  9.4  (0.03M) . 


Oatpd. 


Cone,  M 


t,^,inin 


K^^,inin' 


accn. 


Paraoxcxi  f23)" 

1.0x10"' 
1.65x10"' 
3.86x10"' 
3 .  11x10"' 
4.63x10"' 

16  fb) 

6.21x10"* 

633.1 

4.5 

16  fb) 

1.24x10"' 

422.1 

6.7 

16  rb^ 

1.24x10"''= 

179.6 

14.0 

16  fb) 

1.86x10"' 

254.0"^ 

12.8 

16(b) 

3 .  69x10"' 

150.0 

18.9 

17  fb) 

1.22X10"' 

673.0 

1.03x10"' 
1.29x10"' 

4.28 

18  fb) 

1.24x10"' 

539.3 

5.3 

19  fb) 

1.29x10"' 

279.0 

2.48x10  ' 

10.2 

19  fb) 

2.76x10"' 

134.8 

2.97x10 ' 
2.13x10"' 
1.60x10"' 
2.45x10"'* 

12.2 

21 

1.33x10"'^ 

325.0 

8.74 

22 

1.37x10"'^ 

433.4 

6.63 

buffer 

2840.4 

Octyl  methyl  ENPP  (24)' 


16(b) 
16(b) 
17(b) 
buffer 


9.55x10 
2.78x10" 


1.97x10 


64.3 
37.5 
278.7 
2041.0 


a:  5.5x10'^, 

b:  r  =  0.997±0.001,  Std  deviation  2-5  %. 

c:  CIAB  (3.8x10"'m) 

d:  buffer(0.05M) 

e:  5.0-7.0x10"^ 


1.07x10 


,85x10 
,49x10" 


1 
2 
3.39x10 
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mM 
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Figure  2-25:  Relative  reactivity  of  oxime  ECNRs  against  Paraoxon. 


Cccpourd  16(b)  d^iiosFhorylated  Paraoxon  two  times  faster  than 
did  with  butyl  analogue  19  (b) .  vAiich  is  due  to  the  fact  that  short  chain 
butyl   qtxAJip   is    less   effective   than   the   hydrc^cisic   dodecyl   groi^J   in 


92(b) 


Ihe 


creating  a  laicellar  environment  in  the  aqueous  medium. 
reactivity  difference  between  bis-dodecy 1-3 -oxime  (16(b))  and  mono- 
dodecyl-3-oxime  (18(a))  would  correspond  to  the  increased  micellar 
prx^perty  caused  by  the  double  dodecyl  group  with  respect  to  a  single 
dodecyl  chain.  It  has  also  been  speculated  that  the  increase  in 
cationic  moieties  or  concentration  would  reduce  the  pK^  at  the 
pseudomicellar  level  (medium  effect) .''   This  may  be  reasoned  for  the 
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increased   reactivity   of   oximes   carrying   bis-(l,3-dodecyl 
dimethylainmonium) -2-prcpyl  moiety  relative  to  those  carrying  a  single 
diethyldodedcylethylairanonium  moiety. 

It  order  to  investigate  the  effect  of  ester  (carboxymethyl) 
linkage  as  opposed  to  alkyl  linkage  of  the  pyridinium  oximes  in  their 
reactivity  against  Paracocon.  Ccnpounds  21  and  22  were  prepared  as  the 
ester  analogues  of  the  1-dodecyl  pyridinium  3-oxiine  (5) .  The  reaction 
of  21  and  22  with  Paraoxon  at  1.22x10"^  concentration  and  in  the 
presence  of  CIAB  showed  a  half  life  of  325  and  433  minutes  respectively 
viiereas  corpound  5^^  under  the  same  condition  reduced  the  half  life  of 
Paraoxon  to  15-20  minutes.  Ihis  suggests  that  the  attachement  of  an  a 
moiety  through  acyl  (carboxymethyl)  linkage  significantly  reduces  the 
overall  reactivity  of  pyridiniumaldoxime  against  phosphte  triesters 
conpared  to  that  by  a  direct  alkyl  lirJtage. 


CH:NOH         .^^\^CH:NOH        ^^^?\.CH--NOH 


CH2C02(CH2)iiCH3  CH2C02(CH2)8CH3  CH2(CH2)iiCH3 


21  22  5 

Effect  of  added  CIAB 

In  general,  CIAB  provides  a  better  micellization  of  reactants 
or  surfactant  entities  by  increasing  the  micellar  volume  by  breaking 
moncarteric  aggregates  (turbidity)  and  solubilizing  them  in  its  own 
micelle  or  beccroes  part  of  the  new  micelle. ^''°''^  This  is  generally  a 
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hydix^iicbic  effect  associated  with  the  transfer  (incorporation)  of  the 
solubilizate  fron  the  water  to  the  micelle  and  a  change  in  the  surface 
area  of  the  micelle.   Therefore,  acViiticyi  of  CIAB  usually  have  an 
additive  effect  in  the  reactivity  of  the  cationic  micelle. 

The  results  (Table  2-6  and  2-7)  indicate  that  the  hydroxamic  acid 

(14)  is  less  influenced  by  CIAB  than  are  oximes  f  16(b)  to  19(b)  on  the 
acceleration  of  hydrolysis  of  Paraoxon.   For  exaitple,  Bis  dod-3-oxinie 

(16(b))  at  1.24x10''  M  concentration  showed  «2  fold  increase  of  rate 
enhancement,  frtam  1.74x10''  min"''  to  3.11xlO''min'\  on  addition  of  CTAB 

(3.9x10''  M)  v^ereas  hydroxamic  acid  14  showed  little  or  no  increase  of 
rate  enhancement  under  the  same  condition. 


Table  2-7:  Effect  of  CIAB  on  the  rate  of  reaction  of  14  with 
Paraoxan'  at  pH  9.3''. 


Gone,  M 
xio'^ 


CIAB,  M 
xio' 


^/2' 


a:  paraoxon  (5.5x10"^) 
b:  buffer  (0.03M),  35  °C 


K^  min' 
xlO*^ 


8.02 

62.9 

1.10 

42 

7.74 

2.0 

41.2 

1.66 

68 

7.68 

3.98 

36.54 

1.90 

77 

1.49 

3,85 

27.25 

2.54 

100 

1.36 

30.65 

2.26 

93 

2.59 

3.85 

16.59 

4.18 

171 

2.68 

19.96 

3.48 

142 
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Ihese  observations  can  be  eiqilciined  by  the  fact  that  the 
hydrxKcamic  acid  14  is  alnost  effective  as  CIAB  in  providing 
solubilization  of  substrate.  The  oximes  16(b) -18 (a)  are  less 
nuclecfiiilic  micellar  reagents  than  14  and  therefore,  the  addition  of 
CIAB  helped  to  provide  inproved  incorporation  (solubilization)  of  the 
substrate  in  the  micellar  layer.  Incidentally,  carpounds  21  and  22  aire 
less  water  soluble  than  their  ammonium  icai  counterparts,  therefore,  the 
use  of  CIAB  was  unavoidable  to  bring  cibout  micellization. 
The  pH-rate  profile  of  reaction  14  with  Paraoxon 

An  investigation  was  conducted  to  determine  the  effect  of  solution 
pH  on  the  reactivity  of  14  against  Paraoxon.  The  data  in  Table  2-8  show 
an  apparent  increase  in  rate  constants  as  the  pH  of  the  solution  was 
made  alkaline.  The  plot  of  pH  against  the  rate  constants  at  a  constant 
concentration  (2.3x10'^)  of  14  indicates  a  pH  dependent  region  between 
pH  6-7  and  a  pH  independent  region  over  pH  10.  It  is  clear  from  the  pK^ 
value  (7.58)  of  14  that  above  pH  10  the  conpound  would  would  exist  as  in 
hydroxamate  anion  (nucleojiiile)  form. 

Unlike  a  typical  aqueous  second  order  nucleophilic  reaction,  the 
correlation  plot  of  cbserved  second  order  rate  constants  (corrected  for 
buffer  hydrolysis)  against  a^^  (degree  of  dissociation  measured  by  the 
photometric  pl^  measurements)  did  not  show  a  line  throu^  the  origin. 

C^   =   C^   -   CMC         Eqn  2-3 

Monanor  ^==^  Micelle 
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The  relationship  of  the  anailytical  ccsTcentration  (C^)  with  the 
itiicellcir  bound  concentraticBi  (q,)  of  the  reagent  can  be  given  by 
equaticai  2-3.  Since  the  C;,  d^^ends  cxi  the  (dynamic  equilibrium  of  the 
nononer  -  micelle  excharge  governed  by  many  parameters  such  as 
teitperature,  pH,  chemical  nature  of  the  buffer  etc.*^^\  the  change  of  pH 

96(c) 

would  cilso  change  the  q,  for  a  given  CMx:entration  of  C^.  Fendler 
stated,  for  a  second  order  reaction,  establishing  the  effective 
nucleqphilic  concentration  or  the  prcportion  of  the  micellar  bound 
nucleophile  in  the  micelle  at  different  pH  is  a  particularly  thorny 
prc±)lem.  Thus  it  can  be  suggested  that  for  a  given  nucleophilic 
[hydroxamate  anion]  concentration  the  reactivity  can  be  different  at 
different  pH  because  of  the  different  CMC  that  may  exist  at  each  pH. 
Consequently,  if  one  varies  the  pH,  or  concentration  or  chemical  nature 
of  the  buffer,  the  value  of  the  bound  counter  ion/free  counter  ion  of 
detergent,  arxi  pK^  at  given  q,  will  also  change. 
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Table  2-8:  Ihe  reactivity  of  hydroxamic  acid  14  with  Paraoxon'  at 
various  pH  buffers  (0.03M)  at  35°C. 


cone,    M 

pH 

Kobs    ''    ^i"'' 

-%A 

2.46x10'^ 

11.2 

5.18X10'^ 

1.0 

2.46x10'-' 

10.4 

4.7X10"^ 

0.96 

2.29x10"' 

9.3 

2.10X10'^ 

0.91 

2.10x10'^ 

8.6 

1.40x10"^ 

0.85 

2.23X10''' 

8.03 

1.15x10"^ 

0.70 

2.46x10'^ 

6.70 

2.04x10'^ 

0.33 

a:  Paraoxon  (5.5x10"^) 

b:  corrected  for  buffer  hydrolysis 

c:  degree  of  ionization  (spectrcphotonetry) 
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Mechanism  of  reaction  of  14  with  paraoxon 

Ihfi  reaction  between  M  and  Paraoxcai  was  examined  for 
stoichianetry.  The  plot  (Figvare  2-26)  of  log  [Paraoxon]  (or  log  (A^-Ao) 
against  time  for  the  reaction  of  hydroxamic  acid  14  (2.60x10"^)  with 
Paraoxon  (1.90xlO'*M)  at  a  ratio  of  IpH  showed  a  rapid  initial  rate,  and 
followirg  the  consunpticai  of  reagents  the  reaction  rate  slewed  down 
sufficiently.  A  plot  of  1/ [paraaxan]  against  time  showed  a  linear 
oorrelaticxi  (r=0.998).  The  second  order  rate  constant  (17.63  M  itiin  ) 
obtained  for  this  reaction  was  ccnparable  with  that  obtained  (14.94  M 
min'^)  fron  the  plot  of  K^  versus  time  (Figure  2-11).  These 
cbservations  iitply  that  the  reaction  of  14  with  Paraoxon  is  a 
bimolecular  process. 

To  investigate  vAiether  the  basic  pl^  of  the  imidazole  group  of 
catpourd  14  is  affectii^  the  reaction  rate  at  pH  9.5,  ben2yl  hydroxamate 
67  (1.87x10'^)  was  reacted  with  Paraoxon  (5.5x10'^).  The  reaction 
showed  a  rate  that  is  about  20  times  slower  than  the  rate  of  hydrolysis 
of  Paraoxon  by  14.  This  suggests  that  the  imidazole  moiety  of  14  plays 
little  or  no  role  in  the  hydrolytic  reaction  of  Paraoxon  at  pH  9.5. 


Q    ^OCHsPh 


HBr.N  ;:-.:.>;  Np  u 


BrH.  N-.,t-N^      y       B 


er' - 


N*-El 


Ci?H 


C12H25 


12'^25 


14 


67 
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The  pH-rate  profile,  the  reaction  of  stoicManetric  cxancentration 
of  reagents  and  the  reaction  67  with  Paraoxon  clearly  demonstrae  that 
the  hydroxamic  acid  14  is  not  a  true  catalyst,  but  rather  a  nucleophilic 
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reagent.  The  intermediate  hydroxainate-pho^jhate  is  more  stable,  no 
significant  anount  of  the  ii  are  regenerated.  Additional  evidence  was 
obtained  frxan  non  micellar  reaction  of  IS  with  Paraoxon,  vAiere  the 
linsctr  regression  of  observed  rate  constant  against  concentration  at  a 
fixed  condition  (pH  9.3,  35°C)  gave  a  satisfactory  linear  relationship 
(r  =  0.989)  throu^  the  origin. 


0.6  n 


14  =  2.60x10    M 


Paraoxon  =  1.90x10    M 


1  00 


time  (min) 


200 


Figure  2-26:  Hydrolytic  rate  of  Paraoxon  by  hydroxamic  acid  14  under  non 
first-order  reaction  conditions. 
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Hiosphoester  monoanion  hydrolYsis  by  ECUR 

Finally,  principal  kinetic  studies  of  these  cationic  nuclecphilic 
reagents  were  made  an  series  of  pho^jhate  and  phosphonate  monoanions  to 
evaluate  the  major  hypothesis  of  the  main  objective.  A  detailed 
examination  of  the  hydrolysis  of  pho^shoester  monoanion  as  the  model 
aged  acetylcholinesterase  enzyme  (AChE)  by  ECNR  will  provide  an 
indication  of  the  potential  usefulness  of  this  approach  in  designing 
similar  raulticharged  nucelcphiles  for  in  vivo  use.  So  far  the  observed 
hydrolysis  of  diester  phosphate  and  phosphonate  monoanion 
r^xDrted^"'^^'^*'^'"  in  the  preser>ce  of  various  nucleophiles  under  various 
conditions  are  much  slower  than  the  CM  cat£LLysed  hydrolysis  of  the 
corresponding  triesters. 

A  series  of  phosphate  diesters  anions  (26-33)  carrying  4- 
nitrophenyl  group  and  various  sizes  of  eilicyclic  moieties  were  examined 
for  the  hydrolysis  in  the  presence  or  absence  of  the  reagent.  Kinetic 
data  wer«  based  on  the  production  of  4-nitrophenolate  or  2,4- 
dinitrophenolate  anions. 

In  view  of  the  difficulty  in  determining  the  phenoxide  production 
rate  for  slow  reactions,  kinetic  constants  were  either  obtained  by 
"initial  method"*  or  obtained  fron  the  semilograthmic  plot  of  A„-A^ 
versus  time,  where  A.  is  the  estimated  absorbance  of  phenoxide  >95% 
ccanpletion  of  reaction  and  \  is  the  absorbance  at  time  t.  Estimation 
of  A„  for  the  semilograthimic  method  was  made  from  the  calibration 
curve.  In  the  initial  method  the  absorptive  coeffecient  (el)  of  17925 
M'''  dm^  was  used  for  4-nitroFhenol  in  buffer  pH  =  9.4,  v^iich  was  obtained 
frcan  the  calibration  curve  of  absorption  against  concentration.   The 
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initial  rate  methcxa  was  found  to  be  more  cxaivenient  than  the 

semilograthmic  method  for  measuring  kinetic  constants  of  very  slow 

reactions  vdiose  half  life  is  more  than  a  couple  of  days.   In  general, 

both  methods  are  used  and  the  kinetic  constants  obtained  were  corrpared. 

Hydrolysis  of  bis-4-nitroc)henvl  phosphate  (32)  and  bis-2 . 4-dinitrophenvl 
phosphate  (33) 

Bis-4-nitrochenvl  phosphate  (32)  hvdrolvsis.  COtpound  32  was  found 
to  have  a  half  life  of  670  days  in  aqueous  solution  of  pH  9.4,  at  35°C. 
Trogler  et  al.*  r^xsrted  a  half  life  of  332  days  at  75°C  in  pH  6.6  and 
Kirby  and  Younas^°  citained  half  life  of  130  days  at  100°C  at  pH  7.6. 

Cccpound  14  was  reacted  with  bis  FNPP  sodium  salt  (32) ,  under 
pseudo  first-order  conditions.  The  kinetic  constants  are  given  in  Table 
2-9.  Ihe  plot  (Figure  2-27)  of  pseudonononuclear  rate  constants  at 
various  concentrations  of  14  (3.0  to  52.8x10"^  M)  showed  give  a  linear 
correlation.  The  half  life  of  32  was  brco^t  to  740  minutes  from  673 
days  at  a  concentration  of  5.28x10"'  M  of  14/  which  corresponds  to  a 
rate  acceleration  of  1.300  fold.  Evidently,  the  reactivity  of  the 
hydroxamate  anion  of  14  with  32  is  four  times  greater  than  the  OH 
hydrolysis  of  Paraoxon  at  pH  9.4. 

It  is  noteworthy  that  the  reaction  generates  mono  4-nitrophenyl 
phosphate,  vAiich  is  then  hydrolyzed  slowly  to  its  orthophosphate.  In 
general,  under  these  hydrolytic  conditions,  the  plot  of  A.  -  A^  against 
time  would  be  a  biphasic  plot.  However,  no  significant  effect  of  mono 
4-nitn:^enyl  phosphate  hydrolysis  was  seen  to  interfere  with  the 
kinetic  data  acquired  over  three  hours. 
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The  second-order  rate  constant  obtained  for  the  reaction  between 
14  and  32  time  is  0.142  M"^  min"''  (r=  0.99).  Trogler  et  al.*  have 
recently  r^xorted  that  a  a^ric  ccnplex  of  2 , 2-bipyridine  hydrolyzed  32 
in  aqueous  soluticai  at  pH  8.00  about  2.000  fold  times  faster  than  the 
buffer  alone,  with  an  apparent  seccaid  order  coTstant  of  1.2  M'  min  ,  at 
75°C.  Menger  et  al.^  have  obtained  hydrolysis  (t,^=215  min)  of  32  with 
a  cupric  ion  ccnplex  of  a  diamine  (22  times  excess  over  substrate)  at  pH 
8.5,  25°C.  In  the  case  of  14  (5.28x10''  M)  at  10  fold  excess  over  the 
concentration  of  32  showed  a  rate  enhancement  of  1.325  fold  at  35°C  in 
pH  9.5. 

Table  2-9:  Kinetic  data  for  reaction  of  bis  4-nitrophenyl  phosphate^ 
with  hydroxamic  acid  14  in  aqueous  buffer  pH  9.3  (0.03M)  at  35°C. 


cone,    xlO'^   M      t.,,,    min"  K^bs^^^"'^  ^^^^ 

'  xlO^ 


1.30 

2104 

3.30 

492 

1.30" 

13353 

5.19X10'^ 



1.43 

1920 

3.61 

538 

2.60 

1245 

5.56 

800 

2.60'' 

2104 

3.29 



3.76 

1093 

6.33 

946 

4.89 

866 

8.00 

1119 

5.28 

732 

9.47 

1324 

buffer+CTAB 

d 





buffer 

673  days 





16 

_e 

— — — — 

._.- 

a:  Bis  PNPP  (5.5x10"^) 


b:   std  deviation  <5%,   r  =  0.992±0.002 
c:   CIAB   (3.38x10'^) 

d:  no  nonitorable  reaction  (inhibition) 
e:  reaction  is  as  slew  as  buffer 
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Unexpectedly,  the  oxiiae  ECNR  16(b)  and  18(b)  failed  to  show  any 
appreciable  rate  enhancement  for  the  hydrolysis  of  32  in  the  presence  or 
in  the  absence  of  CIAB.  The  rate  of  hydrolysis  of  32  by  16(b)  is  found 
to  be  as  slow  as  the  buffer  alone  even  at  concentration  as  hi^  as 
3.5x10"'^  M.  Ihe  oximate  anion  had  an  appreciable  absorption  at  400  nm, 
consequently,  no  quantitative  measurements  for  the  slew  release  of 
phenoxide  ion  (reaction  rate)  can  be  made. 


accn.  1100 


Figure  2-27:  First-order  rate  constants  for  the  hydrolysis  of  bis  4- 
nitrophenyl  phosphate  (32)  at  various  amount  of  14  in  pH  9.5  at  35  C. 
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Bisf2.4-dinitrot±ienvl)  t^oschate  f33^  hvdrolvsis.  Micellar 
effects  up3n  the  hydrolysis  of  bis-2 , 4-dinitrcFhenyl  phosphate  (33)  have 
been  stixiied  extensively  by  Bunton,  et  cil/'^'^°^  It  has  been  shown  that 
the  hydrolysis  of  33  is  a  two  st^  process,  v*iere  k^  and  k^  are  first- 
order  rate  constants  with  respect  to  the  phosphate  ester,  and  at  hi<^  pH 
(>9.0)  kV>k^,  and  the  corresponding  reacticsi  of  2 , 4-dinitrcphenyl 
phosphate  dicinion  makes  less  contribution  to  the  overall  reaction.  In 
the  presence  of  an  excess  of  effective  nucleophile  the  initial  reaction, 
the  nucleophilic  attack  of  the  phosphate  diester  monoanion,  would  be 
faster  than  the  second  stage.  Ihus  the  kinetic  data  obtained  for  the 
initial  part  of  the  reaction  corresponds  to  the  diester  monoanion  (33) 
hydrolysis. 
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■Hie  plot  of  leg  \  against  time  for  the  reaction  of  14  with  33  at 
different  cxjncentrations  of  M  and  at  different  pHs  (7.0-9.5),  is 
biphasic,  v*iere  a  rapid  phase  I  reaction  follcwed  by  a  slow  phase  II 
reaction  representing  diester  mcxxjanicn  and  mcnoester  dianion  hydrolysis 
respectively.  In  order  to  determine  the  precise  end  point  of  phase  I  a 
ccdibraticxi  plot,  for  the  absorbance  (350  nm)  of  phenoxide  ion  at 
different  concentration  of  2 , 4-dinitrcphenol  in  a  buffer  of  interest, 
was  used.  Another  method  involved  addition  of  eilkaline  phosphatase 
enzyme  to  the  aged  reaction  mixture  in  small  quantity,  vAiich  rapidly 
hydrolyzed  the  remaining  mono  2 , 4-dinitrc^enyl  phosphate,  and  the  UV 
spectrum  of  this  solution  gave  the  final  A^  of  the  conplete  (phase  I  & 
II)  reaction. 

Ihe  kinetic  constants  for  the  hydrolysis  of  33  in  aqueous  solution 
of  pH  9.4  ±  0.1  are  summarized  in  Table  2-10.  The  reaction  of  14  with 
33  is  extremely  rapid,  and  the  reaction  was  conpleted  within  one  to  two 

-4 

minutes  at  ten  fold  excess  of  14-  At  a  concentration  of  14  (1.23x10 
M)  vMch  is  about  two  fold  lower  than  its  CMC,  the  reaction  gave  2,540 
fold  rate  enhancement,  the  half  life  of  33  was  less  than  45  seconds. 
Beyond  this  concentration  of  14  (1.30x10^)  the  reaction  half  life  was 
very  short  (<30  sec) ,  v^iich  caused  an  instrumental  limitation  to  obtain 
irore  accurate  kinetic  data.  Extrapolation  of  the  kinetic  data  from 
Table  2-10  to  a  concentration  (2.30x10"'  M)  of  14  gave  a  rate 
enhancement  of  4.600  fold.  An  apparent  second-order  rate  constant 
obtained  frcm  the  pseudo  first-order  kinetic  data  for  the  phase  I 
reaction  was  found  to  be  «  1.304  M'^  min"^  at  35°C  in  pH  9.4.  This 
magnitude  of  rate  enhancement  below  the  CMC  of  a  micellar  reagent  is 
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rare  in  micellar  chemistry.  However,  this  can  be  ejqjlained  by  the 
formation  of  sutmicellar  aggregates'"^  below  the  CMC,  v*iere  the  micellar 
model  often  fails  to  explain  the  phencmena.  It  is  also  noteworthy  that 
reaction  of  14  with  monoanicHi  23  is  a  lot  faster  than  is  its  reaction 
with  naitral  Paraoxai  by  about  15  to  20  fold. 


Table  2-10:  Kinetic  data  for  the  biphasic  reaction  of  14  with  bis-2,4- 
dinitrcphenyl  phosphate'  Q2)in  aqueous  buffer  pH  9.4,  8.0  and  7.0  at 
35*C. 


comp ,  M   ^  ^/z  t 

xlO  min 


1/2 


„1    b    ^2    ( 
^1/2.   .,  ^  1/2 

min 


pH  9.4  (0.03M) 


a:  Bis  2,4  CNPP  (4-5x10'^) 

b:  kinetic  constants  for  phase  I  reaction 

c:  kinetic  constants  for  phase  II  reaction 

d:   CTAB   (3.92x10'^) 

e:  no  ^jprarent  reaction  over  2  days. 


5.73 

1.06 

150.35 

0. 

653 

4.61x10''* 

1010 

12.30 

0.46 

35.15 

1. 

51 

2.72x10'^ 

2541 

22.26 

<15sec 

>2.80 

>4600 

CTAB'' 

198.1 



3 

50x10 

3 

6 

buffer 

1169 



6 

23X10 

4 

— — — 

pH  8.0 

(0.05M) 

5.73 

3.97 



0 

198 



3181 

buffer 

11,132 



6 

23x10 

5 



pH  7.0 

(0.05M) 

5.73 

6.8 



0 

,102 



buffer 

__e 
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Evidently,  phase  I  reaction  of  33  with  14  was  rapid  even  at  pH  8.0  and 
7.0,  but  less  r^id  than  at  pi  9.5,  v*iich  is  understandable  if  one 
CCTTsiders  the  effective  nucleophilic  ccncentration  of  14  at  the  relevant 
pHs.  Ihe  acceleration  of  14  at  pH  7.0  was  very  remarkable,  v^ere  the 
half  life  of  33  was  brought  down  to  about  4  minutes  from  7.7  days  in  the 
buffer  to  give  3.200  fold  rate  enhancement. 

Ihe  phase  II  reaction  showed  a  pseudo  first-order  rate  constant 
50-75  times  slower  than  that  of  phase  I  at  pH  9.4.  Fendler,  et  al. 
showed  this  ratio  to  be  w  80  (k^/k^)  for  the  reaction  of  33  with 
hydroxyl  anion  in  CIAB  micelle.  The  bimolecular  rate  constants 
reported^^  for  reaction  of  Cil  with  33  in  the  presence  of  CTAB  were  kg  - 
0.18  M'^  min'^  and  kj^  -  0.024  M"^  min"^  and  these  values  can  be  conpared 
with  reaction  of  14  with  33,  vtiere  )c^  «  1304  m'''  min"^  and  kj^  «  22.1  m' 
rah\\  The  difference  in  k^  and  k^  can  be  eiqjlained  by  the  difference  in 
the  reactivity  between  the  diester  monoanion  and  monoester  dianion  with 
a  nucleophile.  In  monoester  dianion  hydrolysis  the  driving  force  is 
departure  of  the  2 , 4-dinitrophenol  (or  nitrophenol)  grow?)  provided  by 
the  double  negative  charge  of  the  phosphate  residue.  Kirby  and 
Varvogils^"'  pointed  out  that  the  nuclecphilicity  of  the  reagents  may  not 
play  an  inportant  role  in  the  rate-limiting  step  in  the  spontaneous  (SN^ 
type)  hydrolysis  of  2 , 4-dinitrophenyl  phosphate  dianion,  but  depend 
strongly  on  the  basicity  of  the  leaving  group. 

The  bis  nitrophenyl  phosphates  such  as  32  and  33  are  used  not  as 
models  models  of  aged  acetylcholinesterase  enzyme  but,  to  investigate 
the  nuclec^iiilicity  of  the  ECNR  with  diester  anions  that  have  two  good 
leaving  groi;?)s.   It  is  clear  fran  the  above  investigation  that  the 
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effect  of  negative  charge  of  the  anion  to  inhibit  or  r^jel  the  attacking 
nuclec^iiile  is  far  greater  than  is  the  effect  of  a  good  leaving  group  in 
the  case  of  bis-4-nitrcphenyl  phosphate  (32) .   Hcwever,  in  the  case  of 
33  the  powerful  electrcai  attracting  groups  of  2 , 4-<iinitrc:phenyl 
phosphate  can  minimize  the  inportanoe  of  the  r^xilsion.   Additionally, 
the  rate  difference  between  the  reaction  of  14  with  triester  24 
(Paracxon)  ard  32  may  support  the  observation  made  by  Kirby  and  Younas 
that  the  basicity  of  the  leaving  group  is  actually  less  inportant  for 
the  diester  anion  hydrolysis.  The   reactions  of  14  with  diesters  having 
two  good  leaving  groups  appear  to  be  in  the  range  of  ejqjected 
bimolecular  nuclecphilic  substitution.    In  addition  to  submicellar 
effect  the  overall  reactivity  can  be  explained  by  the  interactions  of 
cations  with  the  anicaiic  substrate. 
Hydrolysis  of  alkvl  and  arvl  t^osphorus  monoanions 

Aged  enzyme  is  well  r^resented  by  alkyl  or  aryl  4-nitrophenyl 
phosphates  and  phosphonates  of  various  chain  lengths  and  sizes.  It  was 
expected  that  the  degree  of  diversity  in  the  stnicture  and  polarity  of 
the  diester  nolecules  within  the  general  frame  work  would  provide 
pertinent  kinetic  data  corresponding  to  their  interactions  with  the 
cationic  centers  of  the  reagents.  Ihe  kinetic  consequence  of  a  series 
of  diester  phosphates,  such  as  dodecyl,  octyl,  butyl  and  benzyl  4- 
nititpheryl  phosphate  as  well  as  phenyl  4-nitrcphenyl  phosphonate,  with 
BCNRs  were  investigated  in  aqueous  buffer  solutions. 
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Dodecvl  4-nitrochenYl  (26)  hydrolysis.  The  pseudo  first-order 
constant  for  the  hydrolysis  of  26  by  14  is  given  in  Table  2-11.  It  was 
es^jected  that  the  hydrc^cbic  chciin  of  26  would  help  to  incorporate  the 
substrate  in  the  micellar  Stem  layer  better  than  short  chain  analogue, 
resultir^  in  seme  rate  enhancement.  Hcwever,  the  cppasite  effect  was 
cbser^^ed.  Althou^  the  reaction  of  14  with  26  was  considerably  faster 
than  buffer  hydrolysis,  only  a  modest  rate  enhancement  (26-37  fold)  was 
obtained  vhen  14  was  used  slightly  above  its  CMC.  The  plot  (Figure  2- 
28)  of  pseudo  first  order  rate  constant  against  concentration  of  14 
showed  a  liiiear  correlation  below  and  above  the  CMC  of  14  and  only  a 
sli^t  deviation  fron  linearity  around  the  CMC  point  was  evident  for  the 
micellar  effect. 

Ihe  apparent  second  order  rate  constant  of  0.0391  m  min  (r  = 
0.996)  was  established  from  the  linear  portion  of  this  plot,  and  this 
value  was  coipared  with  that  obtained,  0.056  M'^  min'''  from  the  reaction 
of  14  (5.714x10"'^  M)  against  26  (1.74x10"^  M)  performed  at  4:1  molar 
ratio.  Ihe  oxime  ECURs,  16  fb)  and  18  fa)  showed  only  a  few  fold  rate 
enhancement  of  hydrolysis  of  26,  even  at  concentrations  as  hi^  as 
3.5X10'''  M.  Ihe  major  problem  in  the  )cinetic  ej<perijnents  of  oxime  ECNR 
is  the  interference  of  the  absorption  spectra  of  oximate  anion  at  400 
nm,  v*iich  haiipered  accurate  measurements  of  phenoxide  formation  of  slow 
reactions.  Coipouni  19(a)  had  significant  absorption  at  400  nm  at  pH 
9.5,  v*dch  prevented  accurate  rate  constants  for  its  reaction  with  26 
being  obtained. 
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Table  2-11:  Kinetic  data  for  the  hydrolysis  of  dodecyl,  octyl,  butyl  and 
benzyl  4-nitrcphenyl  phosphates  by  14  in  aqueous  buffer  pH  9.5  at  35°C. 


cone,  M 
xlO* 


CIAB,  M      t,/2,  day**         J^,  mh 
xlO  xicr 


2.88 

2.88 

5.71 

5.71 

19.03 

20.0 

24.7 

39.2" 

buffer 


9.65 

8.25 

253 

7.59 

8.25 

16.7 

9.77 

4.5 

4.08 

3.17 

2.12 

107 

5.01 

11.1 

1.91x10"* 

6.34 

14.1 

2.88 

6.4 

10.55 

24.0 

11.79 

26.2 

15.18 

33.7 

22.75 

139.4 

25.1  (octyl  FNPP)     2.3 
23.8  (benzyl  FNPP)    4.11 
16.4  (butyl  FNPP)     0.86 


20.2 
11.7 
55.8 


a:  dodecyl  ENPP.  lutidine  seat  (7.0-8.0x10'^) 

b:  r  =  0.99±0.01 

c:  dodecyl  hydrogen  ENPP 


The  low  reactivity  of  long  chain  3-nitro-4-aIkoxyphenyl 
triroethylainnonium  iodides  was  accounted  for  by  the  increase 
liphc^iiilicity  of  the  molecule  that  increased  solubility  in  the  micellar 
Stem  layer.  ^"^  Evidently,  the  electrophilic  substrate  carrying 
hydrcphcbic  grotp  would  be  de^ly  buried  in  the  Stem  layer,  thus 
shieldirg  itself  frcra  the  nuclecphilic  attack.  ^"^  This  consideration 
suggests  that  low  reactivity  of  dodecyl,  octyl  or  even  butyl  4- 
nitrcphenyl  phosphate  in  each  case  can  be  attributed  to  deep  penetration 
of  the  alVyl  grov^)  of  the  ester  into  the  micelle,  in  vMch  the 
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pho^iioryl    grotp   would   be   positicaied   away    fnan   the   hydroxamate    ion, 
rendering  them  inactive.     Consequently,   the  phosphoryl  group  is  far  out 
of  reach  for  any  electrostatic   intractions  by  the  cationic  centers  to 
reduce  its  r^xilsive  charges. 
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Figure  2-28:  Hydrolysis  of  dodecyl  4-nitrophenyl  phosphate  (26)  by  14  in 
aqueous  buffer  pH  9.5  at  35°C. 
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Ponstead  et  al.'^^'  and  Buntxai  and  RDbinson^°°^*'  have  used  similar 
arguments  to  explain  the  rate  maxima  observed  in  the  reaction  of  4- 
nitrcphenyl  diphenyl  phosphate  and  hydroxyl  anion  with  increase  in 
concentration  of  CIAB.  Fendler^  suggested  that  if  a  micellar  rate 
enhancement  does  not  exceed  100-200  fold  in  aqueous  solution  this  can  be 
attriijuted,  in  part,  to  the  inability  of  the  micelles  to  hold  the 
substrate  in  a  rigid  form.  Ranstead^''^  stipulated  that  if  reactants  and 
counter  ions  are  hydrt:^Qbic  the  pseudo  micellar  model  fails  to  ejqjlain 
the  kinetic  consequences. 
Effect  of  other  factors 

CIAB  on  diester  monoanion  hydrolvsis.  Ihe  reaction  of  ECNRs  with 
diester  anions  (26-32)  with  32  showed  an  adverse  effect  on  addition  of 
CIAB.  For  exanple,  the  half  life  of  32  in  the  presence  of  14  (2.60x10' 
M)  was  1332  minutes,  ard  the  reaction  was  inhibited  on  addition  of  CIAB 
(3.58x10'^  M)  to  raise  the  half  life  to  almost  double  (2140  minutes). 
The  inhibition  of  CIAB  was  more  pronounced  at  concentrations  of  ECUR 
below  its  QIC,  and  when  CIAB  is  losed  above  its  CMC  (2.4xlO'-^)^^  in  which 
the  reactions  were  completely  halted.  No  apparent  change  in  reaction 
rate  can  be  cbserved  with  reactions  of  oxime  ECNRs  in  the  presence  of 
CIAB. 

Br„   +    X,    =     Br„   +    X,    Eqn  2-5 
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Few  exaitples,'^'^°°  such  as  the  inhibitory  action  of  CTAB  in  the 
reaction  of  hydroxide  icxi  with  2 , 4-dinotrochlorobenzene  are  found  in  the 
literature.  The  inhibitory  action  can  be  explained  by  an  ion-exchange 
ittDdel;^*"  vAiere  Br^^  is  the  corcentration  of  Br'  in  the  aqueous  phase,  and 
X^  is  the  concentration  of  anionic  substrate  in  the  pseudcamicellar 
phase,  in  v^iich  Br'  of  CIAB  would  carpete  with  the  anionic  substrate  for 
a  place  in  the  Stem  layer  and  later  at  a  hi(^  concentration  of  CIAB 
this  process  would  be  more  vigorous  to  bring  about  coiplete  inhibition. 
Another  explanation  would  be  the  cotpetitive  incorporation  of  substrate 
by  CIAB  and  ECNR,  from  vAiich  it  ^pears  that  CIAB  binds  to  the  substrate 
more  firmly  than  does  ECUR.  thus  resulting  in  the  inhibition  of 
hydrolysis. 

Turbidity.  It  was  found  that  the  reaction  mixture  formed  a  turbid 
solution  with  an  increase  in  buffer  strength  (above  0.03  M) .  Turbidity 
was  particularly  protiinent  with  the  long  chain  diester  phosphate  (26  and 
27)  solutions.  The  turbid  formation  at  hi^  ionic  concentration  have 
previously  been  observed'^' ^'^'"•^°^  with  micellar  solutions,  and  explained 
as  the  formation  of  ^aringly  soluble  ion  pairs  between  cationic  micelle 
and  the  basic  substrate  or  prcbably  due  to  the  "salting  out"  of 
sparingly  soluble  aggregates.  The  turbidity  was  reduced  by  the  addition 
of  a  small  amount  of  CIAB  {~  4 .  0x10"^) ,  where  CIAB  provides  dissolution 
of  insoluble  premicellar  aggregates  and  incorporate  them  in  the  new 
micelle. 

However,  addition  of  CIAB  above  the  substrate  concentration 
resulted  in  serious  inhibition  of  the  reaction  (eg. ,  26  and  32) .  It 
seems  that  the  inhibition  at  very  low  concentration  of  CIAB  is  not  due 
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to  the  cxnpetition  of  substrate  anion  with  Br'  for  a  place  in  the  ion- 
exchange  micellar  model,  but  to  the  extensive  solubilization  of 
substrate  deep  in  the  micelle,  preventing  it  further  frcm  any  attack  by 
the  nuclecphile. 
Hvdroxvl  anion  hvdrolvsis  of  al3cvl  4-nitrochenvl  phos]::hates 

Ihe  buffer  hydrolysis  of  diester  anicsTS  is  an  extremely  slow 
process  at  conditions  eirployed.  However,  significant  differences  in  the 
spontaneous  hydrolysis  were  observed  with  long  chain  4-nitrophenyl 
phosphates  with  increase  in  buffer  concentration.  For  exaitple,  increase 
of  buffer  concentration  from  0.03  M  to  0.054  M  reduced  the  half  life 
-107  days  to  27  days  respectively  in  pH  9.4.  In  addition,  the  results 
also  show  a  sharp  difference  in  the  half  life  of  lutidine  salts  cortpared 
to  the  hydrogen  phosphate  form  of  the  diester.  This  may  be  explained  by 
comparing  the  micellar  like  property  of  the  anionic  micelle  such  as 
dodecyl  sulfate  sodium  salt  (NaS)  with  alkyl  4-nitrophenyl  phosphate 
such  as  26.  Thus,  the  buffer  hydrolysis  of  26  was  enhanced  by  its  own 
micellar  character. 
Ethvl  4-nitroc^envl  ]:AiosDhate  (29)   hvdrolvsis 

Ccnpound  29,  an  aged  enzyme  model  of  the  Paraoxon  inhibited  AChE, 
reacted  with  14  considerably  faster  than  its  long  chain  analogues.  The 
kinetic  data  for  this  reaction  are  given  in  Table  2-12.  At  a 
concentration  slightly  above  its  CMC,  14  shewed  hydrolysis  of  29  with  a 
rate  enhancement  of  550  fold  at  pH  9.4,  the  half  life  of  29  was  reduced 
to  900  minutes  from  342  days.  The  plot  (Figure  2-29)  of  k,  (pseudo 
first-order  constant)  against  q,  (concentration  of  14)  shows  overall,  a 
linear  first  order  dependence  of  the  concentration  of  14-   T^e  second 
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order  rate  constant  cbtained   frcm  the   linear  portion  of  the  plot  was 
0.160   M"^    min'''     (r   =    0.99).       Oxixne    ECNR    16 fb)    at    a    concentration   of 
2.8x10'^  M  showed  about  290  fold  rate  enhancement  of  hydrolysis  of  29. 

Table  2-13  cotpares  the  kinetic  rate  constants  and  rate 
enhancement  of  14/  16 fb)  and  other  systems  so  far  r^xorted  ^^^^''  on  the 
hydrolysis  of  29.  Very  recently,  Trogler,  et  al.*  have  realized  105 
fold  rate  enhancement  of  hydrolysis  of  29  with  a  citric  bipyridine 
corplex  [cn(hpy)^]  at  75°C  in  pH  6.5,  viiereas  14  showed  600  fold  rate 
enhancement  at  35°C  in  pH  9.5.  Bunton  et  al.''^  have  achieved  86  fold 
acceleration  of  hydrolysis  of  29  with  a  functional  cationic  surfactant, 
hydroxyethyl-2-diethylalkylaiiirtonium  bronide,  in  O.IM  NaOH  (pH  12)  at 
25°C. 

Table  2-12:  Caiparison  of  ECNR  reactivity  with  other  r^xarted  systems 
agciinst  ethyl  4-nitrcphenyl  phosphate  (293 . 


Copd.  pH  temp         accn         Kj ,    M'   min     Ref, 


14     (2.45X10"')*  9.5  35-C  600  0.160 

16(b)     (2.8x10"')'         9.5  35°C  «250  

OH"(0.1M)+  hydroxy  ^^ 

CTAB(3.00xlO"^M)  >12  25"'C  =85  

OH" (O.IM)    +  14 

CTAB(3X10"^M)''  >12  25*C  6  

Cu(bypyr)^*  97 

(1.0x10"'m)''  6.5  75°C  105  0.66 


a:  Ixitidine  salt  of  (29) 
b:  Na  salt  of   (29) 
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Table  2-13:  Kinetic  data  for  the  hydrolysis  of  ethyl  4-nitrophenyl 
phosphate^  (29)  by  hydroxamic  acid  14  in  aqueous  buffer  pH  9.5  at  35°C. 


cone.    M        ^■[/z    I    ^^" 


xlO' 


5.73 
13.4 
19.4 
24.5 
37.0' 


1504 

1169 

930 

907 

1108 


28.1    (16)     1658 
buffer  342   days 

buffer*^         946   days 


Ob  St' 
XlO^ 


4.61 
5.93 
7.45 
7.63 
6.26 
4.18 


a:  ethyl  HIPP  lutidine  salt  (12  -14x10"^) 
b:  std  deviation  is  within  5-6% 
C:  ethyl  hydrogen  HiPP 


327 

421 

530 

542 

1229' 

297 


Althou^  the  reaction  of  14  with  29  was  significantly  faster  than 
that  with  other  long  chain  diester  analogues,  it  spears  frcm  the 
concentration-rate  constant  profile  (Figure  2-29)  to  have  less  micellar 
prcperty  than  the  corresponding  reactions  of  14  with  dodecyl  4- 
nitrophenyl  phosphate  (26)  and  Paraoxon.  This  increase  in  reactivity 
was  consistent  with  the  increase  in  polarity  of  (29)  relative  to  the 
long  chain  alkyl  analogue.  This  suggests  that  more  polar  substrates 
such  as  ethyl  4-nitrT:^enyl  phosphate  (29)  are  located  predominantly  in 
a  relatively  aqueous  region  of  the  micelle  than  are  the  less  polar 
substrates,  which  should  also  be  the  preferred  location  of  hydrophilic 


N-0'  group. 


The  subdued  micellar  effect  of  this  reaction  can  be 


explained  by  using  an  ion-exchange  micellar  model  ,  vAiere  the  more 
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hydrc^iiilic  cxxjnter  ions  are  less  ti^tly  held  in  the  micelle  and  they 
are  mainly  near  to  the  aqueous  phase.  If  the  reactants  are  located  in  a 
water-like  region  (outer  Stem  layer)  the  first-order  constant  (k^) 
decreases  or  increases  c»ily  slightly  upon  incorporation  in  the 
micelle^°°,  v^iich  should  give  results  more  like  an  aqueous  type  reaction. 
Interestingly,  the  reactivity  of  li  increased  with  decrease  in 
the  ciiain  length  or  size  of  the  ester  substituent,  and  followed  an  order 
of  dodecyl  <  octyl  <  benzyl  <  n-butyl  <  ethyl.  For  exaiiple,  at  2.4x10 
M  of  14  the  half  life  of  these  diesters  are  6560,  3430,  5920,  1240  and 
900  minutes  respectively  (Figure  2-30).   The  possible  reasons  for  this 
trend  will  be  discussed  later. 


Kobs  min 


accn.  540 


0.001 


0.002 


0.003  M 


Figure  2-29:  Hydrolysis  of  ethyl  4-nitrophenyl  phosphate  (29)  by  14. 
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Figure  2-30:  Relative  reactivity  of  ECNR  against  aged  enzyme  models. 


Mechanism  of  reaction  of  14  with  diester  anions  26  and  29 

Figures  2-31  and  2-32  show  plots  of  rate  of  formation  of 
phenoxide  ion  (log  P^  -  \)  against  time  (t)  for  the  reaction  of  14  with 
26  and  14  with  29  respectively  at  a  molar  ratio  of  ssl:2.  Evidently, 
both  plots  showed  rapid  initial  rate  and  follcwed  by  a  slow  phase  upon 
consuiiption  of  reactants.  The  plots  of  1/A„-A^  versus  time  gave  a 
straight  line  (r=0.997)  in  each  case.  Ihe  regeneration  of  14  from  the 
product  intermediate  was  not  ^parent  under  these  conditions.  These 
ctservations  demonstrate  that  the  reactions  of  14  with  26  or  29  is  a 
bimolecular  process.  So  the  kinetic  process  of  14  with  diester  phospate 
monoanions  parallel  that  with  Paraoxon. 
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Figure  2-31:  Hydrolysis  of  ethy;  4-nitrcphenyl  phosphate  (29)  by  14 
under  non  first-order  rate  condition. 
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Figure  2-32:  Hydrolysis  of  dodecyl  4-nitrcphenyl  phosphate  (26)  by  14 
under  non  first-order  rate  condition. 
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Hydrolysis  of  phost±ionate  monoanion 

Itost  of  the  potent  nerve  agents  that  have  potential  application 
in  the  field  are  phosphonate  derivatives  (e.g. ,  Scman  (UD) ,  Sarin  (GB) , 
VX,  etc) .  Ehosphonates  have  one  of  the  P-O-C  bonds  of  phosphate  esters 
r^laced  by  P-C  bani.  An  aged  model  of  a  pho^jhonylated  enzyme  can  be 
r^resented  by  a  phosphoTate  mcnoanicn  such  as  4-nitrc^enyl 
phenylphosphonate  (34)  •  For  carparison,  a  diester  phosphate  monoanion 
and  a  phosphonate  monoanion  are  equally  resistant  to  any  nucleophilic 
attack.  The  rate  enhancement  for  the  reaction  of  34  with  the  hydroxyl 
anion  in  the  presence  of  CTAB  has  been  realized^*'^°^  to  be  only  1.26 
fold,  in  contrast  to  6.3  fold  for  ethyl  4-nitrofiienyl  phosphate. 

4-Nitrophenvl   chenylr^iosphonate   (34)   hydrolysis   by ECNR. 

R^resentative  pseudo  first-order  kinetic  data  are  tabulated  (Table  2- 
14)  for  the  hydrolysis  of  34  by  catpounds  67,  14  and  19 fb)  at  pH  9.5. 
The  ctoservation  of  pseudo  first-order  kir»etics  for  several 
concentrations  of  14  (Figure  2-33)  for  the  hydrolysis  34  shows  a  linear 
relationship  with  no  ^parent  indication  of  micellar  reation.  The  pseudo 
first-order  rate  constants  obtained  for  this  reaction  surpassed  that 
cbserved  (or  reported)  for  any  phosphate  diester  monoanions  or  even 
phosphonate  monoanions.  Ihe  rate  enhancement  at  5.0x10'''m  concentration 
of  14  was  1.730  fold,  v^ch  reduces  the  half  life  of  34  from  180  days  to 
150  minutes.  A  second-order  rate  constant  obtained  form  the  plot  shows 
a  value  0.374  m"^  min'''  (r  =0.997)  v*iich  is  about  2.5  times  more  than 
that  of  ethyl  4-nitroFhenyl  phosphate  (29),  0.160  M'^  min'\  and  10  times 
the  value  for  dodecyl  4-nitrophenyl  phosphate  (26),  0.0391  M'  mol  , 
under  the  same  condition. 
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Ihe  reactivity  of  the  benzyl  ether  of  14  (67)  with  34  is  20  times 
slower  than  that  cbserved  with  14  at  pH  9.5,  viiich  indicates  clearly 
that  the  actual  reactive  center  (nuclecphile)  is  the  hydroxamate  anion, 
and  not  the  imdazole  moiety.  Carpound  15,  a  vcxi  micellar  analogue  of 
14/  showed  appreciable  reactivty  with  36  relative  to  buffer  hydrolysis. 
Carpound  19  (b) .  4-axiine  ECNR,  showed  a  significant  reactivity  at  a 
concentration  of  2.48x10"'^  M  against  36,  and  provided  a  rate  enhancement 
of  64  fold,  vAiich  can  be  ocnpared  with  the  reactivity  of  14  at  a 
concentration  of  10'  M. 


Table  2-14:  Kinetic  data  for  the  hydrolysis  of  4-nitrophenyl 
phenylphosphonate^  (34)  by  14  at  35°C  in  pH  9.50  (0.03M) . 


10*X   M 

t,,2'    ^in" 

lO^xKgjjg,    min'^accn 

8.51 

596.33(613) 

1.269 

475 

16.71 

434.6(477) 

1.595 

596 

24.59 

361.9(411) 

1.915 

716 

24.89 

351.0(376) 

1.971 

739 

33.34 

315.8(347) 

2.19 

821 

50.0*= 

150.0'' 

4.62 

1728 

20.21 

[15] 

2.32   days 

- 

77.6 

18.5    [65] 

4.05   days 

0.11 

44.76 

24.8     (■19fbn 
CTAB   +    OH' 

_ 

0.102 

64.0 
1.6^°5 

buffer 

180   days 

2.7x10'^^ 

_ — 

a:  phosphate  anion  (8.25x10'^). 

b:  std  deviation  2-5%,  r  =  0.995±0.003. 

c:  extrapolation. 

Vcilues  in  the  prenthesis  are  calculated  from 
"initial  rate"  method,  el  =   17,925  M'  dm  . 
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Figure  2-33:  Hydrolysis  of  phenyl  4-nitrcphenylphosphonate  by  hydroxamic 
acid  14  in  pH  9-5  at  35°C. 
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Substrate  Specificity  and  Mode  of  Action 

Ihe  lack  of  micellar  character  in  the  reactions,  particularly 
reaction  of  hydroxamic  acid  14  with  phosphorus  monoanions,  suggest  that 
the  reacticxi  takes  place  predoni  nantly  in  the  aquecxis-like  phase  of  the 
Stem  layer  that  is  least  eiffected  ^  by  the  micellar  incorporation 
phencroena.  Ihe  polar  nature  of  the  pho^±iorus  anions  34  and  29  ccaipared 
to  their  long  chain  analogues  help  to  position  them  in  the  outer  region 
of  the  Stem  layer  (aqueous  like  region) ,  possibly  held  close  to  the 
proximity  of  the  nuclecphilic  anion  by  an  effective  electrostatic 
interaction  with  the  cationic  residues.  This  may  infer  that  the 
electrostatic  effect  is  more  pronounced  than  the  solubilization  of 
substrate  in  the  micelle  for  a  effective  hydrolysis  of  fiiosphorus 
monoanions. 

Oxime  ECNRs  have  proven  to  be  the  least  effective  nucleophiles  for 
the  hydrolysis  of  neutral  triester  pho^iiate  (e.g. ,  Paraoxon) .  The  low 
reactivity  of  oxime  ECNR  may  be  due  to  their  highly  polar  nature  and  the 
poor  orientation  of  the  reactive  groups  or  lack  of  cationic  binding 
sites  in  the  proximity  of  the  nuclecphile  (oximate  anion)  to  invoke 
attack.  Despite  these  factors  the  3-oxime  16 fb)  and  4-oxime  19  fb) 
showed  low  to  moderate  reactivity  with  ethyl  4-nitrophenyl  phosphate 
(29)  and  4-nitrcf^ienyl  phenylphosphonate  (34) .  This  is  more  than  that 
observed  with  reagents  such  as  CTAB/CXi"  *^'^'^,  and  with  cu(bipyr) 

Their  reactivity  with  phosphate  (or  phosphonate)  monoanions 
suggests  that  the  electrostatic  interactions  between  the  anionic 
substrate  and  the  cationic  moieties  of  the  nucleophilic  reagents  are 
more  inportant  in  diester  monoanion  hydrolysis  than  the  micellar 
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charac±er  of  the  reagent  alone.  It  appears  fron  the  kinetic  data  that 
the  major  driving  force  to  the  reaction  between  ECNRs  and  diester 
pho^3hate  (or  pho^iionate)  monoanions  is  the  electrostatic  interaction 
of  charges.  Micellar  effect  (solubilization)  provided  only  a  modest 
contribution  to  the  overall  rate  enhancement.  Buist  et  al.  have 
realized  in  the  base  catalysed  hydrolysis  of  bis-2 , 4-dinitrcphenyl 
pho^iiate  monoanicn  in  CIAB  that  the  reaction  requires  both  the  anions 
ccme  together  on  a  cationic  micelle.  It  may  be  suggested  that  favorable 
electrostatic  interactions  between  the  cationic  center  and  the  substrate 
and  the  dispersal  negative  charge  in  the  transition  state  are 

_j_  ■  ■j_  100  106 

responsible  for,  least  in  part,  the  increased  reactivity. 

In  order  to  establish  a  molecular  picture  for  these  c±iservations, 
a  nolecular  model  was  developed  based  on  a  structural  analogue  of  14  and 
ethyl  4-nitrrFhenyl  phosphate.  Initially,  the  geonetric  parameters  of 
the  chosen  structures  were  optimized  using  a  semi-ertpirical  (AM-1  (Austin 
Modell) )  program  run  on  a  VAX  cotputer.  A  rational  fit  of  the  molecules 
was  obtained  (Figure  2-34)  on  feeding  the  cptimized  coordinates  of  the 
reactant  models  to  a  3-D  molecular  structure  drawing  program  (Chem3D 
MM2). 
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Figure  2-34:  A  nolecular  model  r^resntaticn  of  the  mode  of  action  of  14 
with  cin  organcpho^3horus  monoanion. 
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Ihe  molecular  model  shows  that  the  tetraDcylammonium  moiety  may  be 
involved  in  the  direct  electrostatic  interaction  (neutralization  of 
charges)  with  the  inconing  anionic  group  (P-O')  of  the  substrate.  Thus, 
the  diethylallq^lamitonium  moiety  of  14,  vdiere  R=dodecyl,  would  exert 
steric  hirxierance  to  the  inocming  substrate  anion  and  this  steric  effect 
is  enhanced  if  the  substrate  carries  bulky  grtx^ss  (e.g. ,  dodecyl) .  Ihis 
recognition  process  would  eillow  relatively  small  substrates  such  as 
ethyl  4-nitn:5*ienyl  to  bird  to  the  this  diethylalkyamonium  moiety 
("cavity")  relatively  easier  than  the  bulky  substrates  like  dodecyl  4- 
nitrxi^jhenyl  phosphate.  However,  the  0-R  groups  r^laced  by  a  phenyl 
ring  seems  to  fit  into  this  "cavity"  better.  The  binding  of  the  anionic 
substrate  to  the  "cavity"  would  place  the  phosphoryl  group  in  the 
proximity  of  the  nuclecphilic  head  (N-O")  that  is  positioned  three 
atons  away  from  the  binding  site  and  projected  towards  the  aqueous 
region.  The  imidazoliura  moiety  of  14  could  influence  the 
nucleophilicity  of  the  hydroxamate  anion  by  medium  effect  and  the 
attached  hydrc^cbic  dodecyl  group  is  thou^t  to  be  taking  part  in  the 
make  up  of  the  micellar  environment,  vtiich  allows  to  hold  the  reactive 
sites  in  the  polar  region  (water  like  region)  of  the  micelle.  This 
model  explains  the  enzyme  like  behavior  of  14,  vMch  is  also  rare  in 
the  aqueous  micellar  chemistry.''"^  Overall,  reaction  of  ECNR  with 
diester  anions  si?:ports  the  theory  that  effective  reduction  in 
electrostatic  repulsion  and  simultaneous  nucleophilic  attack  is  an 
efficient  method  of  dephosphorylation  of  phosphorus  monoanion. 
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Evaluation  of  N-Bromo  Conpounds 
RiYsical-<3ieiTiical  Studies 
Brcanine  potential 

Ihe  definition  of  "bromine  potential"  (k^^  has  been  described  in 
Chapter  I,  and  can  be  quoted  as  a  measure  of  the  ability  of  an  N-brano 
ccsipound  to  release  positive  bromine  in  solution  (Eqn  2-6) .  Ihe 
stability  and  reactivity  of  the  N-bromo  conpounds  d^send  largely  on  the 
"brcniine  potential".  In  general,  a  reactive  N-brcmo  ccnpound  would  have 
a  hi(^  bronine  potential  due  to  its  highly  polarized  N-Br  bond,  and 
consequently  would  be  unstable.  The  stability  of  an  N-halo  ccnpound  can 
be  increased  at  the  expense  of  reduced  reactivity.  The  N-bramo 
conpounds  having  highly  labile  N-Br  bonds  are  hi<^y  unsuitable  for  use 
as  decontaminants.  The  key  portions  of  this  work  are  to  determine  the 
brcmine  releasing  power  ("bromine  potential")  of  the  synthesized  N-bromo 
carpounds  and  relating  these  values  with  previosuly  ]<nown  coipounds  such 
as  NBS  (37)  and  3-braiTO-4 , 4-dimethyl-2-oxazolidinone  (43)  . 


R,N-Br 


R,N"  +         er  Eqn  2-6 


K 


bp 


R,N-Br  +       H2O  •         R2NH  +         HOBr  Eqn  2-7 


^bp 


[R2NH]         [HOBr] 
[RjN-Br]       [H2O] 
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Kaminski  and  Bodor^^  devised  a  irvethod  that  cxxipares  the  polarity 
of  the  N-bronine  bond  of  N-brono  corrpounds  to  that  in  NHDranosucx:inimide 
(NBS)  (Eqn  2-8) .  The  "bronine  potential"  in  this  case  has  been  defined 
in  terms  of  the  equilibrium  constant  (k^^)  for  the  reversible  reaction 
between  N-brono  ccarpounds  and  succinimide  to  form  the  corresponding  free 
amine  and  NBS. 
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This  irethod  involved  spectrophotometric  determination  of  the 
apparent  equilibrium  constant  (k^^)  of  the  reaction  of  N-broto  carpounds 
with  succinimide  at  a  suitable  wavelength  vhere  neither  NBS  nor  the  free 
amine  would  have  any  ajpreciable  absorption.  The  equilibrium  constants 
(K  )  for  the  reaction  of  3-brano-4-sulfonyloxymethyl-4-inethyl-2- 
oxazolidinone  (47)  and  3-bramo-4-succinoyloxyinethyl-4-inethyl-2- 
oxazolidinone  (49)  with  succinimide  were  determined  using  this  method 
and  the  values  were  calculated  losing  the  above  equation  (Eqn  2-9)  , 
vAiere  A^  has  been  defined  as  the  equilibrium  absorbance  at  307  nm,  A^  is 
the  absorbance  at  307  nra  for  the  initial  concentration  of  the  N-bromo 
carpound  and  \,  is  the  absorbance  at  307  nm  assuming  a  total 
transformation  of  N-bromo  compound  into  NBS.  Since  the  initial 
concentration  of  N-broro  caapounds  used  in  tlie  experiment  did  not  exceed 
over  10"'  M,  A^,  is  essentially  zero  at  307  nm. 

The  experiments  were  carried  out  at  neutral  to  slightly  alkaline 
pHs  (7-8)  in  order  to  avoid  interference  fron  the  hypcbrotiite  ions 
(OBr"),  which  is  produced  by  the  reaction  of  N-brono  ccsnpounds  with  the 
aqueous  base  (OH) ;  the  OBr'  ions  absorb  near  340  nm.  It  is  noteworthy 
that  undissociated  47  and  49  show  X_^  at  269  and  274  nm  respectively  at 
pH  8.0. 

Table  2-15  shows  values  of  equilibrium  constants  for  the 
reversible  reaction  of  47  and  49  with  succinimide  at  various  pi.  The 
carpounds  £7  and  49  showed  k^  values  0.33  ±  0.05  and  0.19  ±  0.05 
respectively  in  pH  8.3  at  a  iiolar  ratio  of  1:1  with  succinimide.  These 
values  can  be  ccarpared  with  that  previously  reported^  for  3-brcsiiD-4 , 4- 
dimethyl-2-oxazolidinone  (43),  0.34.   If  one  considers  the  brotdne 
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potential  of  NBS  to  be  1.00  the  fact  that  merges  fron  these  observations 
is    that    the    conpounis    47    and    49,     as    well    as    corpound    43    are    "soft 
brcmine"      (lesser    brominating)     conpounds    with     respect     to    NBS     and 
consequently,  they  ejdiibit  greater  stability  than  NBS. 


Table  2-15:  Equilibrium  constants  of  the  reversible  reaction  between  N- 
brcsninating  agent  and  succinimide  to  form  free  oxazolidinone  and  N-brono 
succinimide  (NBS) . 


Compd*  pH  [N-Bromo]/[succn]         K^^ 


NEMOS     (47)  7.5  0.99  0.18 

NBMOS     (42)  8.3  0.99  0.34 

NBMOSuccn    (49)  8.4  1.0  0.19 

NBO    (43)  8.3  1.0  0.33 


a:  <3.0xl0'^. 

b:  borate  buffer  (0.02M). 

c:  determined  at  307nm. 

d:  values  are  average  of  three  determinations. 

Arxsther  cbservation  frcan  these  results  is  that  the  stability  and 
brxxninating  power  43  is  apparently  not  affected  by  functionalizing  the 
4-methyl  groip  of  the  2 -oxazolidinone  system.  Ihe  succinic  derivative  49 
seems  to  have  a  lower  equilibrium  constant  relative  to  47. 

The  equilibrium  state  was  also  found  to  be  sensitive  to  changes 
in  the  pH  of  the  medium.  For  exanple,  the  equilibrium  constant  for  the 
reaction  of  47  with  NBS  at  pH  8.3  was  almost  double  the  value  of  that  at 
pH  7.4.  Higuchi  et  al.^'  have  shown  in  the  chlorine  exchange  reactions 
of  chloramine-T  with  amines  that  an  increase  in  pH  increased  the 
equilibrium  constants  of  reactions  with  secondary  amines. 
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The  equilibrium  constant  for  dimethylglycouril  tetrabranide 
(54(b))  was  not  possible  to  obtain  because  of  insolubility  prcblems. 
Ihe  equilibrium  measurement  for  ccmpound  45  (N-brano-4-hydroxYmethyl-4- 
inethyl-2-oxazolidinone)  was  not  attenpted  due  to  its  water  insolubility 
(less  than  7%  w/w)  and  rapid  deccnposition  (intramolecular)  in  the  solid 
form.  Consequently,  ccmpound  45  is  unsuitable  as  an  NHoroninating  agent 
and  thus  was  excluded  from  further  studies. 
Stability  of  N-bromo  compounds 

Hi^  stability  of  N-halogen  conpounds  in  aqueous  solution  and 
solid  form  are  essential  if  they  to  be  used  as  commercial 
decontaminants.  However,  N-brcmo  cotpourds  cure  generally  labile  in 
aDcaline  and  acidic  media  where  they  are  hydrolytically  converted  back 
to  their  parent  amine  via  acid  or  base  catalyzed  reaction  with  water 
(Eqn  2-7) .  A  requirement  for  an  efficient  N-brono  universal 
decontaminant  would  be  greater  stability  in  these  two  media  relative  to 
conventional  type  bleach.  It  is  noteworthy  that  the  design  of  these 
cotpounds  was  based  on  the  fact  that  conpounds  having  a  more  stabilized 
nitrogen  lone  pair  would  be  less  susceptible  to  acid  catalyzed 
hydrolytic  cleavage  of  the  N-Br  bond,  but  more  susc^tible  to  base 
catalyzed  clevage,'^  v^ere  the  latter  case  is  preferred  for  the 
stability  and  function  of  an  efficient  decontaminant.  It  is  irrportant 
to  note  that  the  reactive  species  involved  in  many  of  the  reactions  is 
the  hypcbrcmite  ion  (OBr")  and  it  is  formed  at  basic  conditions. 

In  order  to  evaluate  the  overall  stability  of  these  brcminating 
agents,  the  positive  bromine  concentrations  were  determined,  generally 
iodanetrically^^'^*^  or  in  some  cases  photometrically,  in  various  buffer 
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solutions,  and  their  stabUity  (shelf  life)  in  the  solid  forms  were  also 
determined  over  a  period  of  time  (months) .  The  bronine  contents  were 
expressed  in  percentage  relative  to  their  origiml  values  in  the  initial 
solution  or  solid  form  at  time  zero  (Table  2-17).  The  iodonetric 
titration  involved  indirect  determination  of  positive  bronine  by 
measurii^  the  iodine  liberated  during  the  reaction  of  potassium  iodide 
with  the  N-broio  compound;  the  liberated  iodine  was  titrated  with 
standardized  sodium  thiosulfate  solution.  ^°'  The  photonetric 
determination  of  bronine  involved  monitoring  the  absorption  spectra  of 
the  solution  of  an  N-brano  corpound  over  a  period  of  time  in  the  medium 
of  interest.  Ihe  values  were  based  on  the  absorbance  difference  at  the 
for  the  N-brono  species. 

ITBX 

Examination  of  the  stabUity  data  (Table  2-17)  for  oonpounds  47, 
42  and  52  indicates  several  interesting  observations.  The  ocmpcunds  42 
and  42  showed  high  stabUity  under  mUd  basic  and  unbuffered  neutral 
oonlitions  relative  to  acidic  buffers  (pH  <  6) .  The  methylsulfate 
derivative  47  showed  a  half  life  over  112  days  in  aqueous  solution 
(unbuffered)  which  is  simUar  to  that  of  43.  Tliis  simUarity  may  be 
attributed  to  the  low  bronine  potential  of  these  oonpounds  and  this 
ti«nd  is  apparent  frcm  the  equUibrium  constants  (k^)  obtained  on 
reaction  with  NBS.  In  addition,  coipound  42  shewed  significant 
StabUity  (9-10  days)  in  alkaline  conditions  and  even  more  than  that  of 
the  water  insoluble  derivative  41.  It  appears  fron  these  observations 
that  the  increased  solubUity  of  the  methylsulfate  N-brono  derivative 
42  and  N-brano  hemisuccinate  49  did  not  alter  the  stabUity  contributed 
by  the  structural  frame  of  41. 
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However,  the  succinate  N-brono  coipound  49  shewed  less  stability 
in  basic  solutions,  particularly  at  high  pH.  For  exauple,  ccarpound  49 
showed  a  rapid  {t^^  «  40  min)  decorrposition  at  pH  11.43  ccxrpared  to  47 
(t,^=10  days) .  This  may  be  due  to  the  r^id  conversion  of  49  to  its 
parent  amine  and  OBr'  ion  in  alkaline  medium.  It  e^pears  that  OBr 
species  may  be  involved  in  oxidation^^^  of  the  succinate  moiety  of  49  (or 
its  parent  amine)  and  thus  results  in  loss  of  positive  branine  content. 
Coipound  47  showed  instability  in  mildly  acidic  solution  similar 
to  that  seen^'"  for  the  water  insoluble  analogue  43-  '^^  deccarposition 
process  of  47  at  pH  5.36  and  7.03  followed  a  pseudo  first-order 
kinetics.  A  resonable  ejqslanation  is  that  the  positive  brcsnine  species 
or  the  hypobromous  acid  (pk^  8.69)  that  was  produced  under  acidic 
conditions  involve  spontaneous  acid  catalyzed  deconposition  and  reaction 
with  the  buffer  species  (CHJOO2H  or  HjPOj) ,  and  subsequently  are  consumed 
in  the  process.  This  deccarposition  process  process  appears  to  be  faster 
with  phosphate  buffer  than  with  acetate  buffer. 

It  is  noteworthy  that  the  stability  of  47  was  significantly 
ciltered  by  the  presence  of  sodium  bronide.  The  sodium  brortiide 
contaminated  (e.g.,  bromination  of  46  with  Hadi/Br^)  solutions  of  47 
showed  a  reduced  stability  {t^^  «  7-10  days)  in  the  aqueous  phase.  The 
accelerating  effect  of  free  Br'  ion  on  the  decotposition  of  N-bromo 
corpounds  (e.g.,  43)  have  been  realized  by  Bodor  et  al.^  on  a  solution 
of  CIAB  and  43.  Ihus,  the  product  47  prepared  using  t-butyl  hypobromite 
insted  of  NaCH/BTj  as  the  broitiinating  agent  showed  increased  aqueous 
stability  (t^^  «  20  to  30  days) . 
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Table  2-16:   Stability  of  NEMDS   (47J  ,  NEMDSucxn   (49),   tetrabromo 
dimethylglycc3uril   (54  (bn   ard  NBO  (43J    (reference)   in  various  buffer 
solution  and  in  solid  form. 


Compd 


47 
47 
47 
47 
12 
47 


buffer 


PH 


in  water  6 . 8 

acetate (0.5M)  5.3  6 

borate (0.2M)  8.04 

phosphate (0.2M)  7.03 

carbonate (0.2M)  10.50 

OH"/carbonate  10,80 


•1/2 


all2  days* 
19.2  hrs'' 
>26  days 
67  rains'* 
Kl4  days*^ 
w9  days*^ 


49 
49 
49 
19 

37(NBS) 

43 

43 

54(b) 
47 


in  water  6.8 

borate (0.2M)  8.3 

carbonate (0.2M)  10.53 

OH"/carbonate  11.43 

in  water  

in  water  6.8 

OH'/carbonate  11.0 


solid' 
solid^ 


1.75  days 
2.0  hrs*'*^ 
30-40  mins 

.109 


c.d 


14.5  days 


SS3  0  hrs 


109,  1 1 1 


SS15.2  months 
»80   days 


days  and  then  no 
days. 


a:  5-10%  decrease  in  first  2 
significant  change  over  7 

b:  semi  logarithmic  nature, 

c:  photometric  method, 

d:  rapid  decomposition. 

e:  solid  form  stored  in  the  dessicator. 

f:  solid  form  stored  in  the  shelf. 
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Ihe  aqueous  stability  of  dimethylglycouril  tetrabromide  (54  fb)) 
cannot  be  determined  because  of  its  virtual  insolubility  in  water  or 
even  in  any  protic  solvents.  Despite  its  aqueous  insolubility  54(b) 
showed  an  exceptionally  hi(^  shelf-half  life  (solid  form)  of  15.2  months 
at  roan  terrperature,  vAiith  respect  to  half  life  of  80  days  of  47  in  the 
desiccator.  Notably,  the  eLUcali  salts  of  acids  such  as  47  and  49  are 
far  more  hygroscopic  than  weak  acids  such  as  the  urea  derivative 

Stability  of  B-hvdroxvpropyl  cvclodextrin  formulation  of  tetrabromo 
dimethvlalvcouril  (54 (b) ) 

The  compound  54 fb)  is  potentially  an  excellent  source  of  bromine, 
as  it  would  provide  four  positive  bromine  species  per  molecule.  In 
addition,  the  conpound  has  excellent  stability  (t^^j  ~  ^^  months)  in  the 
solid  form.  Unfortunately,  the  insolubility  of  54(b)  in  all  organic  and 
protic  (exc^jt  trifluoro  acetic  acid)  solvents  seriously  hinder  its  use 
as  a  decontaminant.  It  was  of  interest  to  find  physical  or  chemical 
means  to  improve  the  solubility  of  54(b)  in  solvents,  especially  in 
aqueous  media. 

A  search  for  a  method  to  inprove  aqueous  solubility  54  turned  to 
explore  the  use  of  hydroxypropyl-B-cyclodextrin  (HPCD)  to  form  an 
inclusion  complex  with  campound  54  fb) .  Cyclodextrins  are  cyclic,  non 
reducing  oligosacharrides  built  vp  from  six  (a)  or  seven  (/3)  or  eight 
(  )  gluccpyranose  units.  Cyclodextrins  are  water  soluble,  since  all  of 
the  free  hydroxyl  groups  are  on  the  outer  surface  of  the  ring;  the 
internal  cavity  of  the  doughnut-shaped  portion  is  sli(^tly  ^xDlar.  This 
feature  allows  inclusion  of  a  guest  molecule.   Inclusion  catplexes  are 
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entities  cxirprising  two  or  more  molecsiLes,  in  vAiich  one  of  the 
raolecules,  the  "host"  includes,  totally  or  in  part,  only  by  physical 
forces,  i.e.  without  covalent  bonding,  a  "guest"  molecule. 

Hydroxypropyl  0-cyclodextrin  (HPCD)  is  typical  "host  molecule" 
with  greater  aqueous  solubility  than  other  members  of  the  cyclodextrin 
family.  HPOD  may  ccirplex  a  great  variety  of  molecules  having  the  size 
of  one  or  two  molecules  of  benzene  and  even  larger  ones  carrying  a  side 
chain  of  conparable  size,  to  form  crystalline  inclusion  conplexes.  This 
approach  has  been  used  successfully  to  improve  aqueous  solubility  of 
hi^ily  lipophilic  therapeutic  agents.  Brewster  et  al.^  have  recently 
r^xDrted  an  exairple  of  the  use  of  an  HPCD  inclusion  ccaiplex  to  overcame 
poor  aqueous  solubility  of  a  lipofiiilic  carrier  drug,  estradiol-1,4- 
dihydrotrigonellinate . 

Table  2-17:  Stability  of  tetrabromo  dimethylglycouril  (54(b))  in 
hydroxypropyl  6-cyclodextrin  (HPCD)  formulation. 


Formulation  time*     pH        %  Br  retained 


50%  HPCD^ 

1  hr 

24  hrs 

48  hrs 

HPCD  ^ 

freez-dry 

24  hrs 

3  3%  HPCD^ 

freez-dry 

24  hrs 

76.92 
30.76 
11.11 


9.03  8.3 

— ^  35.0 


a:  542mg  brominating  agent  in  2mL  50%  HPCD. 

b:  542mg  brominating  agent  in  2 . 2mL  33%  HPCD. 

c:  50.3mg  brominating  agent  in  3mL  33%  HPCD. 

d:  unbuffered  deionized  water. 

e:  lapsed  time  after  complexing. 
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59(a) 


Following  a  procedure  described  by  Brewster  et  al.  ^\  carpound 
54  fb)  was  cdtplexed  with  either  50%  or  33%  HPCD  w/v  in  water  to  give  a 
ccnpletely  dissolved  solution  (0.1  g  of  54(b)  per  4-5  mL  of  50%  HPCD). 
The  bronine  contents  of  these  ccmplexes  with  period  of  time  are  deleted 
in  Table  2-17.  The  bromine  content  sharply  decreased  (t,^=21  h)  on 
ccnplexation  with  50%  HPCD  conplex  in  water.  The  freeze  dried 
procedure  did  not  iitprove  the  stability  of  the  solid  form  relative  to 
the  solution.  In  addition,  there  is  no  apparent  stability  difference 
between  corrplexes  made  with  50%  or  33%  HPCD  solution.  The  use  of 
buffered  (pH  9.03)  HPCD  solution  resulted  in  a  rapid  deccarposition  of 
the  cotplex  within  a  few  hours. 

The  aqueous  solubility  of  54(b)  was  increased  over  100%  on 
ccnplexation  with  HPCD.    However,  this  cotplexation  also  lead  to 
spontaneous  decomposition  of  54  (b) .   The  decaiposition  may  be  as  the 
result  of  oxidation  of  free  hydroxyl  groups  of  HPCD  by  54(b)  and  this 
prtx::ess  appears  rapid  with  corrplexes  made  fron  buffered  HPCD  solutions. 

Overall,  it  demonstrate  that  the  inclusion  ccnplex  of  54(b)  and 
hydrxDxypropyl-B-cyclodextrin  indeed  would  increase  the  aqueous 
solubility  of  54  (b) .  but  at  the  expense  of  a  much  reduced  stability  {t^^ 
frcm  «  22  months  to  «  22  hours) .  Thus,  ccmpound  54(b)  is  not  corpatible 
with  HPCD  in  a  premade  form.  Nevertheless,  this  method  could  be  a  good 
formulation  of  54  as  a  decontaminant  with  increased  active 
brxanine/molecular  weight  ratio  if  instant  mixing  with  HPCD  could  be 
performed  immediately  prior  to  application. 
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Oxidation   reaction   of   n-bromc>-4-methvl-2-oxazolidinone-4-vl^  methyl 
sulfate (47) 

All  of  the  active  positive  halogen  caipounds  are  known  to  involve 
oxidation  reactions  with  alcohol  moieties  to  various  degrees.  In  order 
to  investigate  the  oxidation  potency  of  these  water  soluble  N-brano 
axazolidinone  systems  relative  to  NBS  QT)  and  NBO  (43J  ,  oonipcund  47  was 
reacted  with  cholic  acid.  Selective  oxidation  of  the  7-hydroxy  group  of 
cholic  acid  has  been  realized  with  NBS  and  NBO  (43)  .*°'*'  Therefore,  it 
is  of  interest  to  derterndne  whether  NHOS  (42J  wculd  selectively 
oxidize  cholic  acid  under  similar  conditions. 


OH' 


CO2H   NBMOS  (47) 


CO2H 


Cholic  acid  7-ketocholic  acid 

Reaction  of  47  with  cholic  acid  in  the  same  manner  described*^  for 
NBS  gave  the  corresponding  7-keto  cholic  acid.  The  product  that  was 
obtained  fran  the  reaction  was  identical  to  that  obtained  with  NBS  and 
NBO  (43)  on  the  basis  of  ^H  NMR,  mass  spectra,  TIX:  and  np  data. 
However,  the  yield  (30-45%)  of  the  keto  product  was  nuch  less  than  that 
observed  with  NBO  (76%)  and  NBS  (67%) .  The  results  suggest  that  47  is 
as  selective  an  oxidation  agent  as  NBS  and  NBS  ( 43) ,  but  appears  to  be 
less  potent  with  cholic  acid. 
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Decontaminating  Effect  of  Aqueous  N-Bromo  Ccgnpounds 

Estimation  of  OBr"  species  production  in  aqueous  solutions  of  47  and  49 
with  various  buffers 

T^ble  2-18  depicts  the  percentage  coiposition  of  hypobronite  ion 

(OBr")  to  N-broto  species  present  in  equilibrium  soluticsTS  of  ccaipounds 

47  and  49  in  different  buffers.  Ihe  extent  of  OBr'  production  (equation 

1-5)  d^serds  on  the  CH'  concentration  in  the  solution  and  the  nature  of 

the  N-broro  caipourds.   The  estimation  of  OBr'  concentration  was  based 

on  the  absorbance  spectra  of  OBr'  ion  at  X^  «  338  nm  (NaOBr,  \^  350 

ran)  and  the  N-brono  compourd  at  \^  «  275  ran.    Since  the  molar 

absorbances  of  3-brcaTO-4 , 4-dimethyl-2-oxazolidinone  (43)  and  sodium 

hypobronite  are  cotparable  in  basic  solution,  the  percentage  ccsrposition 

of  these  two  species  was  estimated  directly  fran  the  relative 

absorbances  at  their  respective  X^^. 

It  is  clear  from  these  c±(servations  that  cca:tpounds  £7  and  49  in 

alkaline  conditions  would  be  converted  to  produce  OBr'  ions  but  the 

extent  of  conversion  is  different  in  each  case.  Evidently,  caipound  47 

shows  large  degree  of  conversion  to  OBr'  than  its  succinate  analogue  49^ 

Despite  the  low  percentage  conversion  to  OBr"  species,  the  succinate 

derivative  49  decaiposed  rapidly  {t^^  ~  2   hrs)  than  47  (t^^   a  10  days) 

at  high  alkaline  (pH  >11)  solution.    Although  49  showed  softer 

brominating  properties  than  47  and  43,  it  appears  to  be  least  stable 

under  hi^  concentration  of  OBr"  ions.   Ihe  reaction  of  OBr"  with  the 

succinate  side  chain  could  possibly  account  for  this  instability.  It  is 

was  found  that  the  stability  (10-12  days)  of  47  is  higher  than  the 

stability  of  equal  concentrations  of  sodium  hypobrcmite  (NaOBr)  and  43 
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uixier  aUaline  conditions. 

These  results  suggest  that  coirpounds  47  and  49  reacts  r^idly  with 
the  hydroxide  ion  in  alkaline  conditions  to  yield  a  mixture  with  OBr 
ic»TS,  and  at  hi^  pH  this  eqviilibrium  lies  far  to  the  right  producing 
more  OBr'  ions,  ard  the  stability  and  percentage  conversion  to  OBr  of 
47  is  far  greater  than  49  in  alkaline  conditions. 


Table  2-18:  An  estimation  of  release  of  active  brcanine  species  (OBr')  in 
sol\ition  of  3-braio  oxazolidinone  systCTis  as  a  function  of  the  solution 
pH. 


pH' 


47 
%NBM0S' 


%OBr' 


7.0 

— 

7.3 

86 

8.52 

59 

9.4 

~ 

9.97 

57 

10.57 

46 

10.76 

37 

11.20 

28 

14 
41 

43 
54 
63 
72 


a:  buffer  concentration,  0.2M,  30  °C. 

b:  X^  NEMDS,  268nm. 

b:  X   NEMDSuccn,  276nm. 

_   ^  OBr  ,  334nm. 

e:  rapid  deccnpostion. 


49 
%NBMOSuccn'' 

%OBr'  "^ 

97 

3 

96 

4 

92 

8 

90 

10 





66 

34 

55 

45 

44 

56^ 

Since  OBr'  is  the  reactive  species  that  is  of  major  interest  in 
the  decontamination  process,  these  estimations  of  OBr'  production  in 
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various  buffer  solutions  provide  valid  information  about  the  reactivity 
of  these  N-broninating  agents  at  the  respective  pHs. 
Decontamination  of  mustard  reagent  bv  aqueous  N-brominatina  agent. 

Ihe  aqueous  bleach^  and  N-chloramines^  react  in  a  manner  more 
like  SNj  by  attackirxg,  initially,  the  sulfur  atan  of  the  mustard  agent 
and  converting  it  to  a  sulfoxide  (S-O) .  The  sulfoxides,  more  water 
soluble  than  mustard  agents,  will  undergo  further  hydrolysis  to  give, 
ultimately,  a  ccnplete  oxidative  cleavage  of  the  mustard  agent. 

Higuchi  et  al.'"^^^^'  prcposed  a  scheme  (Eqn  2-10)  to  account  for  the 
oxidation  of  chloro  mustard  in  basic  and  mildly  acidic  conditions. 
Since  detailed  studies  on  reaction  of  N-halo  corrpounds  with  inustard 
ccnpourds  has  not  yet  been  reported  in  the  literature,  seme  analogy  can 
be  obtained  fron  the  reactions  of  chloramine-T  with  sulfur  corpounds 
r^xarted  in  the  literature. ^'^^^  These  reactions  are  believed  to  follcw 
second  order  process. ^^^^'^^ 


HOBr       +      S^ BrS^.     +     HO"      ^    ^g..^. 


/ 


y                 fast        \ 
BrOS\      ^     S^-0-   +   Br- 


BrO-       +       S^   ^muo^  ^ 


\  ^  \ 

N-Br     +   HO" N-H    +   BrO' 

/  ^         / 
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Ihe  reaction  of  aqueous  N-broninating  agent  47  with  chloroethyl 
ethylsulfide  (half  mustard)  was  carried  out  at  a  molar  ratio  of  1:1 
(1.0x10'^  M)  in  pHs  9.3  and  11.0.  The  concentration  of  unreacted 
mustard  in  the  reaction  was  analyzed  on  a  G.C  with  a  flame  ionization 
detector  every  minute  interval  frcm  the  time  of  mixing.  Ihe  results 
show  no  detectable  (sensitivity  limit  >5xl0"^  M)  mustard  after  a  minute 
of  reaction  at  both  the  pHs.  This  indicated  that  about  99%  of  mustard 
was  destroyed  before  first  sample  could  have  been  taJcen  after  the 
addition  of  £7  to  the  mustard  in  buffer  solution.  Admittedly,  the 
sensitivity  of  the  ionization  detector  was  often  haitpered  by  a  "sulfur" 
residue  deposition  on  the  flame  detector  tips  and  the  tip  was  replaced 
several  times  during  the  course  of  the  study,  v*lch  prevented  more 
quantitative  results  to  calculate  t,^  of  this  reaction. 

Overall,  the  rapid  reaction  of  47  with  chloroethyl  ethyl  sulfide 
can  be  corrpared  with  that  of  corrpound  43  (t^^  a  43  sec)  at  pH  9.3.  It 
afpears  according  to  Higuchi's  scheme  that  the  reactive  species  involved 
in  both  pHs  (9.3  and  11.0)  is  the  OBr'  ion.  However,  the  pk^  of 
hypcbroios  acid  (HOBr)  is  8.5,  and  hence  the  decontamination  at  pH  9.3 
would  have  partial  contribution  from  the  reaction  of  free  acid  (HOBr) 
with  mustard.  Higuchi  et  al.^^*  reported  that  the  reaction  of  hypobroraus 
acid  at  neutral  conditions  (pH  8-7)  is  more  rapid  than  basic  conditions. 
It  is  noteworthy  that  at  alkaline  conditions  overall  hydrolysis  of 
chloroethyl  ethyl  sulfide  will  be  a  combination  of  chlorine  displacement 
by  CM    ion  and  nuclecphilic  attack  at  the  sulfur  by  OBr'.^ 
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Decontamination  (hydrolysis)  of  the  organofAiostJiate  fParaoxon)) b^ 

aqueous  N-brominating  agents 

The  continuous  main  objective  of  the  Universal  Decontamination 

project  is  to  significantly  accelerate  the  hydrolytic  cleavage  of 

various  phosphortis  ester  type  chemical  agents.   Ihis  involve  SNjCP) 

displacement  of  the  leaving  group  (e.g.,  fluorine)  by  the  hyphochlorite 

anion  (OCl')  and  subsequent  hydrolytic  cleavage  of  the  corresponding 

oxychloro  phosfiiate. 

Bodor  et  al.''^^''^  have  suggested  that  the  reaction  of  3-braTio-4 , 4- 
dimethyl-2-oxazolidinone  (43)  with  GD  and  VX  (Figure  1-1)  at  pH  10  goes 
throu^  nuclec^tiilic  attack  of  OBr"  ion,  and  hence  corresponds  to  the 
conversion  of  the  N-bromo  carpound  to  its  free  amine  and  OBr'  ion 
reaction.  Ihus,  the  steady  and  extensive  formation  of  active  oxidizing 
^jecies  (OBr')  from  a  broroine  source  would  provide  the  basis  for  an 
aqueous  decontaminating  system. 

Ccnpourds  47  and  49  were  investigated  for  their  ability  to 
hydrolyze  organcphosphates  in  aqueous  medium  using  Paraoxon  as  the  model 
organc^osphate.  Hydrolysis  of  Paraoxon  was  carried  out  at  pseudo  first 
order  condition  with  various  concentrations  of  N-brcaio  conpounds  at 
different  pH;  the  kinetic  data  are  illustrated  in  Table  2-19  and  2-20. 
The  reactions  were  carried  out  in  alkaline  medium  (pH  8.0  to  11.5)  in 
v*dc±i  the  reaction  of  N-brcsno  ccarpound  with  the  aqueous  medium  would 
provide  ambient  concentration  of  OBr'  species. 

Hydrolysis  of  Paraoxon  by  47  and  49  increased  with  increase  in  pH, 
v^ch  corresponds  (after  correcting  for  buffer  hydrolysis)  to  the 
increase  in  concentration  of  OBr'  ion  (Table  2-19)  with  the  increase  of 
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pH.  Both  47  and  49  show  optimum  rate  enhancement  of  6.0  fold  and  4.2 
fold  respectively  between  pH  10.6-10.9.  In  general,  ccnpound  47  appears 
to  be  more  effective  than  49  in  the  hydrolysis  of  Paraoxon.  Where  the 
pseudo  first-order  rate  constant  for  the  reaction  of  47  with  Paraoxon  is 
aluost  4  times  more  than  that  of  49.  Ihe  low  reactivity  of  49  at  hi^ 
pH  can  be  explained  by  the  instability  of  49  at  a  hi<^  concentration  of 
OBr'  vdiich  is  also  evident  fran  the  stability  profile. 


Table  2-19:  Hydrolysis  of  Paraoxon^  by  NEMDS  (47)  as  a  function  of  pH  at 
30°C. 


PH^ 


47,  M 


lO'^X 


■1/2 


lo'xmin' ^ 


^obs/^buf  f 


8.03 

1.76 

24.9  dys 

0.019 



9.97 

1.76 

841 

0.82 

2.4 

10.56 

5.27 

187.4 

3.70 

6.0 

10.56 

1.78 

264.8 

2.62 

10.70 

5.27 

153.2 

4.25 

3.8 

11.20 

5.27 

46.1 

15.02 

5.41 

a:  buffer,  0.2M. 

b:  Paraoxon  5.5x10't4. 

c:  r  =  0.998. 
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Table  2-20:  Hydrolysis  of  Paraoxon^  by  Na«:)Succn  (493  as  a  function  of 
pH  at  SO-C. 


PH' 


49,  M 
lo'x 


"-1/2 
min 


^obs 


^obs/^buf  f 


lo'xmin' ^ 


9.4 

5.04 

1382 

0.50 



10.91 

5.04 

108.4(806)'^ 

6.4 

2.6 

10.91 

2.5 

190(13.5hrs)*^ 

3.6 

4.2 

11.43 

4.70 

105 

6.5 

1.45" 

a:  Paraoxon,  5.5x10'  M. 

b:  buffer,  0.2M. 

c:  r  =0.998. 

d:  at  25  'C. 

e:  rapid  decomposition. 


To  investigate  the  kinetic  process  the  reaction  between  47  and 
Paraoxon  was  carried  out  at  pH  11.20  at  various  concentration  of  47  and 
the  kinetic  data  are  summarized  in  Table  2-21.  The  pH  11.20  was  chosen 
for  this  reaction  because  more  than  70%  of  [47]  would  be  converted  to 
OBr'  species  at  this  pH-  l^e  plot  (Figure  2-35)  of  pseudo  first-order 
rate  constant  against  concentration  of  47  showed  a  linear  corelation  and 
the  intercept  (2.6x10'^  m"^)  of  the  plot  was  in  close  agreement  with  rate 
oostant  (k^,=2. 91x10"^  m''')  of  CH"  hydrolysis  of  Paraoxon  at  pH  11.20.  Ihe 
apparent  second-order  rate  constant  calculated  (from  the  slope)  for  this 
process  is  2.16  M"^  min"^  (r'=0.98). 
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Table  2-21:  Hydrolysis  of  Paraoxon^  as  the  function  of  the  cxDncentration 
of  NEMDS  (47)  in  pH  11. iv''  at  SS-C. 


NBMOS  (47) , 

M 

^1/2  ' 

min^ 

10''xK„,,, 

min"  ^ 

1.51x10'^ 

101.5 

6.83 

3.08X10'^ 

88.6 

7.81 

4.54X10*'^ 

57.8 

12.0 

6.17x10'^ 

40.70 

17.31 

9. 25X10"'' 

31.22 

22.3 

buffer 

238.1 

2.91 

a:  Paraoxon,  3.5x10'^ 
b:  buffer,  ^JL  =  0.6 
c:  r  =  0.998 


30  n 


20  - 


"^obs,  mm 
XI 0^ 


10  - 


T — ' — ' — r 


-1 1 — ' ' — r 


0.002  0.004  0.006  0.008  0.010 

Cone,  M 

Figure  2-35:  Hydrolysis  of  Paraoxon  at  various  concentration  of  NEMOS 
(47)  in  pH  11.2  at  35°C. 
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Overall,  the  rection  is  a  secxand  order  process  with  respect  to 
OBr'  and  Paraoxon  concentration.  The  aqueous  stability  of  the  brcmine 
source  parallels  its  hydrolytic  potency.  It  can  be  concluded  that  N- 
brccio  caipounds  47  and  49  provide  a  basis  for  water  soluble,  "soft"  and 
stable  source  of  OBr'  ion  for  the  organophosphates  decontamination. 


CHAPTER  III 
EXPERIME17IAL 


Materials 

All  solvents  were  routinely  stored  over  4  A  molecular  sieves. 
Solvents  used  in  reacticns  were  either  distilled  using  standard  methods 
or  were  conmercially  available  purest  grade  ("sure  seal":Aldrich) .  All 
reacticans  requiring  anaerobic  conditions  or  moisture  free  conditions 
were  carried  out  under  positive  argon  atmosphere  or  with  an  attachment 
of  dry  tube  containing  "Drierite"  (CaSO^) , 

Triethylamine  (EtjN)  reagent  grade  was  distilled  over  sodium 
hydroxide.  Thionyl  chloride  (SOClj) ,  purest  grade  was  purchased  from 
Fluka  Qiemical  Company.  Ethanol  of  the  purest  available  grade  (Florida 
Distillers)  was  used.  Diethyl  ether  used  in  synthesis  was  obtained  from 
freshly  opened  cans.  Chloroform  (ethanol  free)  was  dry  distilled  over 
CaSO^.  n-Butyllithium  (n-BuLi)  and  lithium  diiscprcpylamide  (LDA)  were 
purchased  as  standard  solutions  f rem  Aldrich  Chemical  Conpany  and  stored 
at  0°C.  Catalysts  5%  V6/C  (Aldrich)  and  2%  Pd/SrOOj  were  purchased. 
1 , 3-Bis  (diethylamino)  -2-propanol  (Aldrich) ,  2-diethylaminoethanol 
(Aldrich) ,  Eschenmosers  salt  (Aldrich) ,  isomers  of  pyridinealdoxime 
(Aldrich) ,  O-^aenzyl  hydroxylamine  (Aldrich) ,  uracanoic  acid  (Aldrich) , 
Paraoxon  (Aldrich)  4-nitrc^enyl  dichlorophosphate  (Aldrich)  bis  (4- 
nitrc^enyl)  phosphate,  (free  acid,  Sigma),  phenyl  4-nitrophenyl 
phosphonate  (free  acid,  Sigma) ,  alkalinej^osphatase  (Type  III-S,  Sigma) 
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and  bronoacetic  acid  anhydride   (Lancaster)   were  purchased  from 
ccnimercial  sources  and  used  without  purification. 

Generally,  all  synthetic  intermediates  were  stored  at  room 
tenperature.  The  brcminated  products  were  stored  under  dark  in  the 
desicator.  Final  quaternary  products  v^ere  stored  in  dessicators  at  room 
tenperature. 

Due  to  the  extreme  toxicity  associated  with  organophospiiates, 
reactions  were  carried  out  in  a  well  ventilated  hood.  All  transfers  of 
reagents  were  made  under  the  hood  using  butyl  rubber  gloves  and  gas 
masks  (Willson  6100) .  All  glassware  and  reaction  solutions  were 
detoxified  with  excess  of  2%  aqueous  sodium  hydroxide  and  allowed  to 
stand  for  24h  before  discarding.  The  final  and  intermediate 
organcphosphorus  products  were  stored  in  ti^tly  capped  (sealed) 
containers  at  +5°C. 

Methods 

All  melting  points  reported  are  uncorrected.  Thin  layer 
chrcsnatogr^iiy  (TIi:)  was  carried  out  using  Merck  Kiesel  gel  F254  aluminum 
plates.  Preparative  TLC  was  carried  out  using  Merck  Silicagel  60  F254 
coated  (0.25-0.50  mm)  glass  plates.  Column  chromatography  was  carried 
out  using  Davisil  Silicagel  (100-200  mesh) .  Infrared  spectra  were 
recorded  cai  a  Perkin-Elmer  283B  or  an  FT-IR  Perkin-Elmer  1600 
spectrcmeter.  ^H  NMR  spectra,  were  recorded  on  either  a  Varian  EM-300L 
(60  MHz) ,  or  EM-390  (90  MHz) ,  or  Varian  XI200  (200  MHz)  or  on  a  Varian 
XL  (300  MHz) ,  or  GE  300  (300  MHz) .  ^^C  NMR  spectra  were  recorded  on  a 
Nicolet  NT300  (75.45  MHz),  or  Varian  XL300  (75.0  MHz)  spectraneters. 
Mass  spectra  was  recorded  on  a  Kratos  MS  80RFA  spectrometer,  either  by 
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EI  or  Fast  Atcm  Bombardment  (FAB)  methods.  Ultraviolet  spectra  were 
recxjrxied  on  a  Hewlett  Packard  model  845LA  equipped  with  a  thermostated 
cell  cotpartinent.  Fluorescence  ^jectra  were  measured  on  a  Kontron 
Spectrflurcmeter  SFM23/B.  Elemental  analysis  (C,  H,  and  N)  were 
performed  at  Atlantic  Micro  lab,  Atlanta.  A  gas  c±ircxnatogr^4ay  Gow-Mac 
Model  740P  with  flame  ionization  detector  and  Perkin  Elmer  ICl-lOO 
integrator  were  enployed  for  detection  of  mustard  agent.  An  Orion 
Research  Digital  lonalyz  pH  meter  and  pH  indicator  strip  pH  7.5-9.5  were 
used  for  pH  measurements. 
QircHiatogranMc  Solvent  Systems 

(A)  chlorofonVinethanol  9:1 

(B)  chlorofomv'roethanol  4:1 

(C)  ethyl  ether/petroleum  ether  (40-60°C) ,  1:1 

(D)  ethyl  acetate/methylene  chloride  1:1 

(E)  methylene  chloride/methanol/acetic  acid  4:1:0.1 

Coinpounds 
Hydroxainic  Acids 

60 

Benzyl  uracanoate  (61) 

In  a  (100  mL)  flask  equipped  with  a  drying  tube,  a  mixture  of 
uracanoic  acid  (20  g,  0.145  mol)  and  thionyl  chloride  (25  mL)  was 
stirred  for  Ih  at  roan  tenperature.  Ihe  excess  thionyl  chloride  was 
r^itoved  under  reduced  pressure.  Benzyl  cilcohol  (50  mL,  0.48  mol)  was 
added  to  the  above  mixture  and  the  reaction  mixture  was  stirred  at  rocm 
tenperature  for  24  h.  The  cnjde  benzyl  ether  was  collected  by 
filtration,  suspended  in  water,  and  then  a  50%  sodium  hydroxide  solution 
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was  added  until  the  mixture  was  basic.  After  the  solution  was  stirred 
for  Ih,  product  precipitated.  The  precipitate  was  washed  with  water  and 
dried  to  give  61  (14.41  g,  44%  yield):  np  197-199°C.  Ihe  structure  was 
ccaifirmed  by  ^H  NMR. 

^H  NMR  (90  MHz,  CDCI3)  57.75  (W,  d  of  d) ,  7.5-7.35  (m,  6H) ,  7.3 
(s,  IH),  6.55  (d,  J=12Hz,  IH)  5.3  (S,  2H)  IR  (KBr) :  3050  (W) ,  3010  (W) , 
1700  (C=0),  1620  an". 
3-flfN^-Methvl-4-imidazolvl)propenoYl  benzyl  ester  (62) 

Benzyl  uracanoate  (5.0  g,  0.022  mol)  in  DMF  (5  mL)  was  added  to  a 
suspension  of  60%  sodium  hydride  (0.97  g,  0.024  mol)  in  EMF  (10  mL)  over 
20-30  min  at  roan  teirperature  under  argon.  After  evolution  of  hydrogen 
gas  has  ceased  the  reaction  was  warmed  at  60-70°C  for  1.5h,  and  then 
allowed  to  cool  to  10°C.  Methyl  iodide  (3.28  g,  0.023  mol)  in  CMF  (mL) 
was  added  over  20  min  at  10°C  arid  stirred  at  room  tenperature  for  3h.  A 
few  drcps  of  methanol  was  added  to  the  reaction  medium  and  the  reaction 
mixture  was  ev^xarated  to  dryness.  Product  was  extracted  with 
chloroform  and  small  amount  of  ethyl  ether  was  added  to  the  chloroform 
layer  to  induce  crystallization.  The  crystals  were  collected  and  dried 
to  give  1  (N) -methyl-4-imidazole  prcpanoyl  benzyl  ester  (30%  yield):  irp 
124-126°C. 

^H  NMR  (60  MHz,  CDCI3)  6    7.8  (s,  IH)  ,  7.5-7.1  (M,  6H) ,  6.96  (s, 
IH),  6.5  (d,  J=12  Hz,  IH),  5.2  (S  2H) ,  3.6  (S,  3H) . 
3- ('4-Imidazolvll  propanoic  acid  (63) 

Benzyl  uracanoate  (5.0  g,  0.022  mol)  in  50%  methanol-water 
solution  was  hydrogenated  at  50  PSI  for  12h  over  5%  Pd/C  catalyst.  The 
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catalyst  was  filtered  and  the  filtrate  was  evaporated  to  dryness  under 
reduced  pressure  to  give  63  (87.6%  yield  (Lit.^  15%)). 

^H  NMR  (60  MHz,  Dp))    6    8.5  (s,  IH)  ,  7.10  (s,  IH)  ,  2.7  (dd,  2H, 
2.4  (dd,  2H) 
3-flfN^-Methyl-4-Imidazolyl1  propanoic  acid  (64) 

Benzyl  3- (N) ^nethylurocanoate  (1  g,  7.2  mmol)  was  hydrogenated 
using  the  same  procedure  as  described  used  for  benzyl  uracanoate  (above) 
to  give  the  free  acid.   (0.71  g,  61%  yield) 

^H  NMR  (60  MHz,  Dp)    S   8.7  (s,  IH)  ,  7.20  (s,  IH)  ,  4.00(s,  3H)  ,  3.0 
(d  of  d,  2H),  2.8  (d  of  d,  2H) . 
Benzyl  benzchydroxamate  (56) 

To  a  solution  of  benzohydroxamic  acid  (25.0  g,  0.182  mol)  in  dry 
ethanol  (91  mH)  was  added  potassium  hydroxide  (1.50  equivalents,  85%, 
18.02  g)  in  methanol  (32  mL)  at  30-40°C  over  30  min  with  stirring.  Ihe 
tenperature  was  controlled  by  occasioneil  cooling  in  an  ice  bath.  After 
all  alkali  had  been  added,  the  mixture  was  allowed  to  stand  in  an  ice- 
bath  for  5-10  min  to  ensure  ccmplete  precipitation  of  potassium 
chloride.  Ihe  mixture  was  filtered  and  allcwed  to  stand  at  room 
tenperature  ovemi^t.  The  solvent  was  ev^xDrated  to  half  original 
volume  in  order  to  induce  crystal  formation.  Ihe  crystals  were 
collected  ,  washed  with  ethanol  and  dried  under  air  to  give  the 
potassium  salt  of  benzohydroxamic  acid  (19.84  g) . 

To  a  solution  of  benzchydroxamate  potassium  salt  (13.7  g,  0.06 
mol) ,  potassium  carbonate  (3  g)  in  methanol  (50  mL)  was  added  benzyl 
bronide  (12,83  g,  0.075  nol)  and  water  (30  mL) .  Ihis  mixture  was 
stirred  for  24h  and  methanol  was  removed,  and  the  residue  was  acidified 
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with  12M  hydrochloric  acid.  The  crude  product  was  then  taken  up  in  6M 
sodium  hydroxide  (4  x  100  mL) .  The  cccibined  sodium  hydroxide  layer  was 
acidified  with  12M  hydrochloric  acid  and  the  aqueous  solution  was 
extracted  with  chloroform  (4  x  50  mL) .  Chloroform  was  stripped  off 
lander  reduced  pressure  to  give  a  solid  and  recrystallized  from  ethyl 
ether/petroleum  ether  (40-€0°C)  to  give  benzyl  benzohydroxamate  (8.2  g, 
60%  yield) :  iip  103-104°C  (lit.  104-105°C) . 

^H  NMR  (60  MHz,  CDClj)  S   8.9  (br)  ,  7.8-7.3  (m,  lOH)  ,  5.2  (s,  2H)  . 
0-Benzyl-N-fi8-diethvlaminoethyl)benz(^vdroxamate  (57) 

Benzyl  benzchydroxamate  (1.52  g,  7.0  mmol)  in  dry  CMF  was  added 
dropwise  to  60%  sodium  hydride  (6  mmol)  suspended  in  CMF  (25  mL)  under 
argon.  After  all  the  hydrogen  gas  had  evolved,  the  reaction  mixture  was 
stirred  for  Ih  at  40-50°C.  A  solution  of  chloroethyl  diethylamine  (free 
amine  was  obtained  from  neutralization  of  the  hydrochloride  salt  with 
0.1  N  sodium  hydroxide  at  0°C  and  extraction  with  benzene,  5.0  mL)  was 
added  at  once,  and  the  mixture  was  stirred  for  12h  at  60-70°C.  The 
reaction  mixture  was  filtered  and  neutralized  with  IM  hydrochloric  acid 
to  pH  5-6,  and  the  solvent  was  removed  in  vacuo  to  give  57  (47%  yield) . 

^H  NMR  (60  MHz,  CDCI3)  S   7.7-7.4  (m,  lOH) ,  5.2  (d.s,  2H) ,  3.4-2.8 
(m,  8H),  1.15  (t,  6H);  IR  (Nujol) ;  HCl  salt:  3500-3200  (br,  NH) ,  1715 
(m,  C=0),  1660  &  1610  (w)  cm'\ 
0-Benzvl-N-r3-f4-imidazolyl)propio1benzdhvdroxamate  fattemiPted) . 

TVd  3-(4-iinidazolyl)prcpionic  acid  (0.46  g,  2  mmol)  was  added 
thionyl  chloride  (2  mL)  ard  stirred  at  roan  teirperature  for  Ih  under  dry 
conditions.  The  excess  of  thionyl  chloride  was  removed  under  vacuum  to 
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give  the  corresponding  acyl  chloride.  Ihis  was  used  immediately  in  the 
next  reac±ion. 

To  60%  sodium  hydride  (0.21  g,  5  mmol)  in  LMF  (3  mL)  was  added 
benzyl  benzchydroxamate  (0.93  g,  4.1  imnol)  in  CMF  (6  mL)  over  30  min  at 
room  terrperature  under  argon.  After  evolution  of  hydrogen  was  almost 
cxanopleted  the  mixture  was  stirred  at  50°C  for  Ih.  After  bringing  the 
reacticxi  mixture  to  roan  terrperature,  4-imidazole  propanoic  acid 
chloride  (2  mrrol)  in  CMF  (6  mL)  was  added  over  Ih  at  60°C.  Ihe  reaction 
mixture  was  stirred  further  at  60-7 0°C  for  2h.  After  cooling  to  room 
terrperature,  a  smcill  arroont  of  irvethanol  was  added  and  the  reaction 
mixture  was  filtered.  The  filtrate  was  adjusted  to  pH  4-5  with  cone. 
hydrochloric  acid,  and  the  solvent  was  evaporated  in  vacuo.  IM 
Hydrochloric  acid  (20  mL)  was  added  to  the  oily  residue  and  the  excess 
of  benzyl  benzchydroxamate  was  suspended  as  precipitate.  Ihe  solution 
was  r^jeatedly  washed  with  benzene,  its  pH  was  adjusted  to  3-4  and 
evaporated  to  dryness.  The  solid  residue  was  extracted  with  absolute 
ethanol  and  evaporated  to  dryness  to  give  a  viiite-green  solid.  Ihe  H 
NMR  of  this  solid  gave  carplicated  patterns. 

Hydrolysis  of  this  solid  to  its  debenzoyl  corrpound  was  atterrpted 
by  dissolving  in  ethanol/hydrochloric  acid.   The  product  isolated  from 
the  aqueous  layer  could  not  be  characterized  by  H  NMR. 
N-  (g-Diethylaminoethvl )  -O-benzvlhvdroxvlamine  ( 58 ) 

(i)  A  direct  rr^ethod.  0-Benzylhydroxylamine  hydrochloride  (25  g) 
was  dissolved  in  water  (100  mL)  and  benzene  (100  mL)  was  added  to  this 
solution.  The  mixture  was  neutralized  with  sodium  hydroxide  (0.1  M)  at 
+5°C  using  phenolphthalein  as  the  indicator.   The  benzene  layer  was 
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washed  with  water  (2  x  25  mL)  and  the  solvent  was  stripped  off  to  give 
O-benzylhydroxylamine  (free  amine) . 

OBenzylhydroxylamine  (13.43  g,  0.109  mol) ,  chloroethyl 
diethylamine  hydrochloride  (19.69  g,  0.114  mol)  and  dry  triethylamine 
(23.1  q,  0.23  imtol)  in  dry  chloroform  (75  mL)  was  stirred  under  reflux 
and  argcai  atnosphere  overnight.  The  insoluble  portion  was  removed  by 
filtration  and  washed  with  excess  (100  mL)  of  chloroform.  The  filtrate 
was  washed  with  5%  sodium  bicarbonate  (2  x  50  mL) ,  water  (2  x  25  mL)  and 
dried  (Na2S0^) .  Ihe  solvent  was  ev^xDrated  to  give  a  oil  and  this  oil 
was  distilled  (bulb  to  bulb)  to  give  the  product  56  (8.7  g,  36%  yield): 
Ip  52-57°C/«  0.2  mm  Hg.  Also  a  hi(^  boiling  fraction  was  isolated  and 
was  shown  to  be  the  disubstituted  product  by  ^H  NMR. 

Data  for  the  low  boiling  product  (50-55°C  /  a  0.02  mm  Hg)  58:  ^H 
NMR  (90  MHz,  CDCI3)  S  7.5  (s,  Hi,  5H) ,  4.9  (s,  2H,  3.3  (m,  2H) ,  2.7  (q, 
6H),  1.3  (t,  6H);  MS  (EI)  243  (M*-l) . 

Data  for  the  hi^iboiling  fraction  (70-80°C/^-2  mm  Hg)  59:  IH  NMR 

(90  MHz,  CDCI3)  S   7.5  (s,  Pt\,    5H) ,  4.9  (s,  2H)  ,  3.3  (m,  4H) ,  2.7  (m, 

12H),  1.3  (t,  12H). 

rii)  Via  hvdrolvsis  of  0-benzvl-N-fi3-diethvlaminoethvl) 
benzcAivdroxamate  (attempted) .  To  a  solution  of  57  (1  g)  in  ethanol  (20 

mL)  CCTVC.  hydrxxhloric  acid  (3  mL)  was  added  drcfwise  and  stirred  for  30 

min  at  40-50°C.   To  this  reaction  mixture  was  added  water  (30  mL)  and 

the  aqueous  layer  was  washed  with  benzene  in  order  to  remove  benzoic 

acid  and  other  hydrolyzed  products.  The  aqueous  layer  was  evaporated  to 

give  a  crude  vMte  salt  mixture.   ^H  NMR  and  IR  spectral  data  of  this 

solid  indicated  cleavage  of  benzyl  group  instead  of  benzoyl  group  had 
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occured.  TDC  of  the  crude  product  shewed  the  presence  of  two  products. 
Column  chronatogr^iiic  separations  of  this  mixture  gave  two  products. 
Ihe  spectral  data  of  the  major  product  did  not  correspond  to  the 
expected  product,  but  rather  corresponded  to  N-diethylaminoethyl 
benzchydroxamate.  The  minor  product  was  fcxmd  to  be  the  salt  of 
diethylamine. 

Data  for  the  major  product;  ^H  NMR  (60  MHz,  CMSO-d^)  S  8.3-7.3  (m, 
5H),  4.4  (t,  2H),  3.0-2.6  (m,  «  6H) ,  1.05  (t,  6H) ;  IR  (Nujol) :  3550-3250 
(br) ,  1715  (m)  1650  &  1500  (w) ,  1400  cm'^ . 

The  above  hydrolysis  was  carried  out  under  conditions  such  as  (a) 
6  M  HCl  (2  mL)/THF  (6  mL) ,  (b)  cone.  HCl/THF  (6  mL)/EtOH  (1  mL) ,  (c) 
cone.  HCl/EtOH  (10  mL)/  Hp  (3  mL)/CHCl3  (1  mL)  at  rocni  tenperature  or 
60-70''C. 

Product (s)  c±»tained  did  not  agree  with  the  eiqsected  product. 
Under  strong  hydrolytic  conditions  cotiplete  hydrolysis  of  the  starting 
material  was  observed.  Milder  conditions  yielded  N-diethylaminoethyl-O- 
benzoyl  hydroxamate  (benzyl  cleaved  product) ,  and  in  sane  cases  HCl  salt 
of  the  starting  material  was  obtained. 
N-rfl-Diethylaminoethvl^hvdroxvlamine:  a  direct  approach  rattemptedl. 

Tto  a  mixture  of  hydroxy lamine  hydrochloride  (5.0  g,  0.072  mol)  and 
sodium  carbonate  (0.144  mol)  in  methanol  (20  mL)  was  added  chloroethyl 
diethylamine  (9.76  g,  0.072  mol)  and  refluxed  for  2h.  Reaction  was 
monitored  by  TIC  (solvent  system  E) .  The  methanol  layer  was  evaporated 
to  give  a  v*iite  solid,  and  the  residue  was  suspended  in  water  and  the  pH 
was  adjusted  to  10  with  50%  sodium  hydroxide.  The  aqueous  layer  was 
extracted  with  chloroform,  dried  (Na2  SOJ  and  the  solvent  was  stripped 
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off  to  give  faint  yellow  oil.  IR  spectrum  of  the  oil  indicative  of  free 
hydroxy  1  group.   However,  ^H  NMR  ^sectrim  failed  to  agree  with  the 
structure  of  expected  product. 

The  above  synthesis  was  r^)eated  with  sodium  hydroxide  in  water  (5 
mL)  and  stirred  for  3  days  at  roan  tenperature.  The  product  isolated 
usirq  a  similar  work-up,  showed  reasonable  IR  and  ^  NMR  spectra  for  the 
expected  product.  However,  mass  spectrum  of  the  product  showed  a 
pattern  for  higher  mass  than  expected. 

^H  NMR  (90  MHz,  CDClj)  <S  7.5  (br) ,  2.7-2.3  (m,  n8H) ,  1.0  (t,  n6H)  ; 
IR  (neat)  3400  (br,  OH),  3100-2900  (s)  99  (50),  86  (100)  an"\ 
Benzvl  N-fi3-dimethvlaminoethvl^-3-f4-imdazolvl^proDenohvdroxamate  (65) 

Tt>  uracanoic  acid  (3.54  g,  25.6  mmol)  was  added  thionyl  chloride 
(Fluka,  14.0  g,  8.2  mL)  at  roan  terrperature  and  the  reaction  flask  was 
wanned  to  activate  the  reaction.  The  reacticxi  was  stirred  at  rocaai 
tenperature  for  Ih  and  then  refluxed  with  dry  benzene  (20  mL)  for  Ih 
under  argon  atmosphere.  The  solvent  and  excess  thionyl  chloride  were 
evaporated  carefully  on  a  rotor  vap  under  dry  conditions  and  the 
resulting  solids  were  dried  under  vacuum  overnight. 

Tt)  a  stirred  solution  of  58  (5.5  g,  25  mmol)  in  dry  triethylamine 
(25.0  g,  0.25  mol)  and  ethanol  free  dry  chloroform  (25  mL)  was  added 
urocanoic  acid  chloride  in  chloroform  (20  mL)  via  a  syringe  (with  wide 
bore  needle)  over  5  to  10  min.  The  reaction  was  initially  stirred  at 
rtxxn  tenperature  for  l-2h  and  then  heated  at  gentle  reflux  over  12h. 
The  reaction  mixture  was  brouf^t  to  pH  11  by  treating  with  50%  NaOH. 
The  products  were  extracted  with  chloroform  (3  x  100  mL) ,  washed  several 
times  with  water  until  a  clear  organic  layer  resulted  and  dried  {Ua^ 
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SO^) .  Solvent  was  strifped  off  frcm  the  organic  layer  to  give  a  faint 
color  oil.  This  oil  was  suspended  in  petroleum  ether  ovemi<^t  and 
carefully  chronatogr^iTed  throu^  silica  gel  (8"  column,  100-200  mesh) 
elutirg  with  solvent  system-1  to  give  3  major  ccnponents  (R^  0.60,  R^ 
0.34,  R^  0.18).  The  middle  ccuponent  (R^  0.34)  was  found  to  be  the 
desired  prtxiuct  (11%  yield) .  Hi^  R^  cccpanent  gave  spectral  data 
mainly  for  the  unreacted  starting  hydroxy lamine  58-  low  R^  (0.18)  was 
spectrally  evident  for  structure  66. 

Data  for  the  product  (R^  0.34;  solvent  B) :  ^H  NMR  (300  MHz,  CDCI3) 
S  7.80  (s,  IH),  7.5  (d,  J«15  Hz,  IH) ,  7.38  (s,  Rl,  5H) ,  6.90  (d,  J«15 
Hz,  IH),  4.95  (s,  CHg  Ri,  2H) ,  3.77  (t,  J=8  Hz,  2H)  ,  2.75  (t,  J=8  Hz, 
2H),  2.50  (q,  4H)  ,  1.00  (t,  6H)  .  ^'c  NMR  (74.75  MHz,  CDCaj)  5  167.9 
(C=0),  137.1,  134.55,  134.0,  129.20  (2  x  C)  ,  128.86,  128.64  (2  X  C)  , 
113.16  (2  X  C),  49.18,  46.97  (2  X  C) ,  44.52,  11,32  (2  X  C) ,  MS  (EL)  Ve 
343  (M*l),  342  (M*,  35),  121  (18),  107  (75),  86  (100). 

Anal.  Calcd.  for  q^Hj^N^Oj  .  0.5  Up:  C,  64.94;  H,  8.03,  N,  15.94. 
Found:  C,  64.87;  H,  7.72;  N,  15.68. 

Data  for  the  conponent  (R^  0.18;  solvent  B) :  ^H  NMR  (90  MHz,  CDCI3) 
S  7.6  (S,  imidazole,  IH) ,  7.4  (s,  Hi,  5H) ,  7.35  (s,  Eh,5H),  6.9  (s, 
imidazole,  IH) ,  4.9  (s,  2H) ,  4.80  (s,  2H)  ,  3.7  (t,  2H)  ,  3.15  (s.d,  2H) , 
2.80-2.40  (m,  lOH),  0.90  (S.t,  12H)  ;  MS  (EC)  TO/e  565  (M*l)  ,  475  (5),  343 
(40),  223  (15),  86  (100). 

Data  for  the  ccnponent  (R^  0.60;  solvent  B) :  MS  (EI)  ra/e  321  (15), 
283  (30),  221  (M*-l,  40),  167  (52),  121  (90),  86  (100). 
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0-BnzYl-N-  f fl-dodecYldimethylarnmonium  brcanide)  ethvl-3-  F  3  f N)  -dodecvl-4- 
iinidazolYlium  hvcirc±>rt:mddelprc>penohYdroxamate  (67) 

Free  amine  65  (0.2  g,  0.58  mmol)  was  gently  refluxed  with 
brotododcane  (1  mL)  in  chloroform  (16  mL)/acetonitrile  (4  mL)  for  4 
days.  The  reaction  mixture  was  ev^x3rated,  and  the  residual  oil  was 
dissolved  in  met±ianol  and  the  insolvible  salts  were  removed  by 
filtraticn.  The  filtrate  was  evaporated  to  dryness  and  the  resulting 
thick  oil  was  suspended  in  ethyl  ether  to  give  a  hygroscopic  residue. 
This  residue  was  dried  under  vacuum  to  give  semi  solid  67  (0.31  g,  63% 
yield) . 

^H  NMR  (300  MHz,  CDjCN/CDjOD)  S  8.7  (s,  IH)  ,  7.7  (split.d,lH)  ,  7.5- 
7.4  (m,  5H),  7.10  (d,  J«12  Hz,  IH)  ,  5.03  (s,  O^  Ph,  2H)  ,  4.3-3.90  (m, 
6H),  3.5-3.10  (m,  8H) ,  1.8-1.10  (m,  46H) ,  0.9  (t,  6H)  .  MS  (FAB)  m/e  680 
(M*),  571  (40),  500  (70),  332  (100),  289  (95). 

Anal.  Calcd.  for  C^^Bft^^-  °-5  "2°=  ^'  60.77;  H,  9.13;  N,  6.59. 
Found:  C,  60.91;  H,  9.57;  N,  6.57. 

N-  ffl-dodecyldimethylammonium  bromide)  ethvl-3- f  f  3  (N)  -dodecvl-4- 
imidazolylium  hYdrcbrcanidelpropichvdroxamic  acid  (14) 

(i)  Hvdrtxienation  in  EtOHAip.      O-Benzyl  hydroxamate  67  (0.20  g, 

0.026  mmol)  was  hydrogenated  with  5%  Pd/C  (214  mg)  in  ethanol  (6 

mL)/water  (8  mL)  at  30  PSI  over  16h.   A  rapid  hydrogen  intake  was 

ciDserved  over  30  min.   The  catalyst  was  removed  by  filtration  and  tJie 

solvent  was  stripped  off  fron  the  filtrate  to  give  an  oily  residue.  The 

inorganic  salts  were  precipitated  by  dissolving  the  oil  in  acetonitrile 

(10  mL) .   The  filtrate  was  evaporated  and  dried  under  vacuum  ovemi^t 

to  give  14  (70  mg,  39%) . 
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^H  NMR  (300  MHz,  CDjO^/CDjOD)  6  8.8  (s,  IH)  7.5  (s,  IH)  ,  4.3-4.0 
(m,  4H),  3.7-2.9  (m,  12H) ,  1.9-1.0  (m,  46H) ,  0.98  (t,  6H)  .  MS  (FAB)  i^e 
591  (M*-l,  90),  532  (100),  433  (85),  291  (98),  137  (95).  \^  pH  9.4:  240 
run 

Anal.  (Cj^HtjjN^O^BTj.  2.5  H2O)  H,  N;  C:  Calod,  70.65;  Found,  70.18. 

rii^   Hvdroaenation  in  EtCH.  O-Benzyl     hydraxamate  67  was 

hydiTDgenated  in  dry  ethanol  xjnder  cxsnditions  described  in  method  (i)  (as 
above) .  No  debenzylated  product (s)  was  observed  over  2  days  under  this 
condition. 

O-Benzvl-N-  f fl-methvldiethvlammonium  iodide^  ethvl-3-  F  3  (N)  -inethvl-4 
-imidazolvlium  hydrc±>ranidelpropenicAivdroxainate  (68) 

Free  amine  65  (0.26  g,  0.76  ramol)  in  chloroform  (10 
mL)/aoetcaiitrile  (5  mL)  was  stirred  with  methyl  iodide  (1  mL)  initially 
at  +5°C  for  3h  and  then  at  40°C  for  2  days  in  a  pressure  bottle.  The 
solvent  was  evaporated  ard  the  oily  residue  was  suspended  in  ethyl  ether 
overnight.  Ihe  cruie  solid  was  suspended  in  chloroform,  and  the 
insoluble  portion  was  s^jarated  and  dried  under  vacuum  to  give  a  faint 
yellow  solid  (0.41  g,  86%  yield). 

hi  NMR  (90  MHz,  CDjOD)  5  8.4  (s,  IH) ,  7.35  (s,  IH)  ,  7.3-6.8  (m, 
7H),  5.1  (s,  oy^,  2H),  4.3-3.9  (m,  2H) ,  3.7  (s,  3H) ,  3.5-3.10  (m,  6H) , 
3.0  (s,  3H),  1.15  (t,  6H);  MS  (FAB)  n^/e  284  (M*-(N*Et2Me)  ,  223  (10),  155 
(55). 

Anal.  (C2iHj2N^02l2) :  H,  N;  C:  Calcd,  54.51;  Found,  55.32 
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N-  f /9-MethYldiethvlainmonium  iodide^  ethvl-3-  F  3  f N)  -n>ethvl-4-imida2olvlium 
hYdrt±irtmidelpropidivdroxaiTdc  acid  (15) 

0-Benzyl  hydroxamate  68  (O.lOg,  0.16  mmol)  was  hydrogenated  with 

5%  W/C  (90  ng)  at  30  PSI  in  ethanol  (8  mL) /water  (4  inL)  over  6h.   A 

rapid  hydrogenation  was  observed  over  30  min.  The  catalyst  was  filtered 

and  the  solvent  was  evaporated  to  dryness.  Ihe  residue  was  dissolved  in 

acetfxiitrile  (5  mL) ,  the  insoluble  porticn  was  removed  by  filtration  and 

the  filtrated  was  ev^»rated  to  dryness  under  vacuum  to  give  a 

hygrosccpic  (amorphous)  solid  (90%  yield) . 

^H  NMR  (300  MHz,  Up/CDpi)    58.6  (s,  IH)  ,  7.34  (split  s,  IH)  ,  4.0 

(t,  2H),  3.75  (double  s,  3H) ,  3.61  (t,  2H)  ,  3.34  (q,  6H)  ,  3.05,2.90 

(double  s,  3H),  1.15  (t,  6H)  .  MS  (FAB)  in/e  283  (M*-HI)  ,  269  (10),  251 

(15),  196  (18),  180  (22),  155  (100)  ;  X^  pH  9.4:  248  nm. 

Anal.  (q^Haj^N^OjIj.  2H2O)  H,  N;  C:  Cacld,  44.45;  Found,  43.39. 

Pyridinium  Canpounds 

2- fO-Benzvloxviminomethvl) pyridine  (69) 

It)  pyridine-2-aldoxime  (10  g,  0.082  mol)  in  abs.  ethanol  (60  mL) 

was  added  sodium  methoxide  (5.0  g,  0.09  mol)  in  ethanol  (50  mL)  over  30 

min  at  60°C.  The  solution  was  heated  at  reflux  for  Ih.  Benzyl  bromide 

(14.2  g,  0.083  mol)  in  ethanol  (50  mL)  was  added  to  the  above  solution 

over  5  min  at  60°C  and  stirred  for  24h  at  gentle  reflux.   The  reaction 

mixture  was  evaporated  to  dryness  and  the  residue  was  extracted  with 

petroleum  ether  (40-60°C,  3  x  50  mL) ,  washed  with  water  (2  x  20  mL)  and 

dried  (>^S0^) .  The  solvent  was  striKsed  off  to  give  a  faint  yellow  oil 

and  the  oil  was  ki^jt  vmder  vacuum.   Ihe  final  oil  was  distilled  on  a 
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Kugelrchr  apparatus  at  100-110°C/«  1  mm  Hg  to  give  product  63  (7.74  g, 
48%  yield) 

^H  NMR  (90  MHz,  CDCI3)  5  9.0  (m,  IH) ,  8.5  (s,  IH) ,  8.1-7.4  (in, 
8H),  5.4  (s,  oay*i,  2H). 

l-Ethvoxyr-^r^y^nyl  TTyithvl-2-  f 0-benzvloxvimironethvl )  t3vridinium  bromide 
f71(a)) 

Pyridine-2-cildoxime  O-benzyl  ether  (1.65  g,  8.3  mmol)  and 
brcmoacetate  (6.6  g)  were  stirred  at  roan  temperature  for  7  days  to  give 
a  faint  brown  solid.  The  solid  was  filtered  off  and  recarystallized  from 
acetone  to  give  product  71fa)    (1.45  g,   50%  yield) :  mp  119-120°C. 

^H  NMR  (60  MHz,  CDCI3)  <S  9.8  (m,  IH)  ,  8.7  (s,  CK=N,  IH)  8.6-8.0 
(m,  3H),  7.4  (s,  Hi,  5H) ,  6.3  (s,  li*-ai^,  2H)  ,  5.35  (s,  Oi^  Ri,  2H) ,  4.25 
(q,   O^CHj,    2H),    1.3    (t,   CHj,    3H)  . 

Anal.  Calod.  for  C^^p^z'   ^'   ^^'^'^'   "'  ^•°^'  ^'  '^'^^'   ^'   ^^'^'^' 

Found:  C,  53.64;  H,  5.10;  N,  7.34;  Br,  21.00. 

l-Ethvoxvcarbonvlinethvl-2-  (hvdroxviminomethvl)  pvridinium  bromide 
f 71(c)) 

Pyridine-2-aldoxiitie  (1.5  g,  0.013  mol)  and  ethyl  bronoacetate  (7.6 
g)  were  stirred  at  roan  teitperatxire  for  4  days.  Ihe  resulting  vMte 
suspension  was  evaporated  to  dryness  under  vacuum  to  give  a  white  solid. 
The  solid  was  recrystallized  from  (diloroforVinethanol  to  give  71(c)  (1.4 
g,  37%  yield) :  mp  152-153°C. 

^H  NMR  (90  MHz,  CDClj/CD^OD)  5  9.1-90  (m,  IH)  ,  8.5  (s,  CH=N,  IH)  , 
8.4-8.0  (m,  4H),  5.8  (s,  N^-CHg,  2H)  ,  4.3  (q,  OJgCHj,  2H)  ,  1.3  (t,  CHj, 
3H). 

Anal.  Calod.  for  C^^^Q^l^z'-  ^'  '^^'^'^'  "'  ^'^^'  ^'  ^•^'^'  ^'  ^'^'^'^' 
Found:  C,  41.61;  H,  4.55;  N,  9.66;  Br,  27.50. 
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3- fO-Berizvloxvimironethvl^  pyridine  (70) 

Prxxedure  was  identical  to  the  one  used  for  synthesis  of  69. 
Product  was  distilled  (Kugelrohr)  at  85-90°C/a0.3  inm  Hg  (47%  yield) . 

^H  NMR  (90  MHz,  CDCI3)  58.9-8.6  (m,  2H)  ,  8.4  (s,  CH=N,  IH)  ,  8.3- 
8.0  (m,  2H),  7.5  (s,  Fh,  5H) ,  5.2  (s,  2H) . 
l-Cartx3XYncthvl-2-fCKbenzvloxvij[iinan:ethvl)PVT-idiniiim  brcmide  (71fb)) 

fi)  Reaction  with  iodoacetic  acid.  Pyridine  (O-benzyl)  2-aldoxime 
(7.0  g,  0.033  mol)  and  iodoacetic  acid  (9.16  g,  0.050  mol)  were  heated 
at  reflux  in  acetonitrile  for  2  days.  The  resulting  solution  was 
evaporated  to  give  a  thick  brown  oil.  Ihe  oil  was  chrotiatographed  on  a 
silica  gel  (100-200  mesh)  with  solvent  system  B.  Ihe  crude  product  was 
isolated  fron  the  middle  fraction  and  recrystallized  from  ethyl 
aoetate/methanol  to  give  faint  yellcw  crystals  71fb)  (less  than  5% 
yield) . 

Hi  NMR  (90  MHz,  CDfiD/Dp)  9.0-8.8  (m,  IH)  ,  8.5  (s,  CH=N,  IH)  ,  8.4- 
7.8  (m,  3H),  7.2  (5,  Ri,  5H) ,  5.7  (s,  N*  CHjRi,  2H)  . 

(ii)  Reaction  with  bromoacetic  acid  (attempted) .  Pyridine  (O- 
benzyl)-2-aldoxiine  (2.0  g,  9.3  mmol)  and  bronoacetic  acid  (1.3g,  9.6 
mitol)  in  nitnanethane  (10  mL)  were  heated  at  reflux  for  3  days.  To  the 
dark  reaction  mixture  obtained  was  added  ethyl  ether.  The  precipitate 
was  filtered  ard  dried.  The  spectral  pattern  corresponded  to  a 
decarboxylated  form  of  the  expected  product,  '"h  NMR  showed  CHj  peak  at 
54.5  corresponding  to  methyl  pyridinium  salt  and  absence  of  methylene 
pyridinium  peak  around  55.5. 
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l-Cartx3XYngthvl-3-fO-benzvloxvimirx3rnethvl^i7/T'''''^''"         brcmide   (72) 

Pyridine  (CMDenzyl)-3-2LLdoxiine  (3.0  g,  0.014  mol)  and  brcstoacetic 
acid  (2.16  g,  0.016  vol)  in  THF  (20  mL)  were  stirred  in  a  pressure 
bot±le  at  AO^C  for  2  days.  A  v*iite  precipitate  was  filtered  off  and 
recrystallized  frcm  acetonitrile  to  give  22.  (80%  yield) . 

hi  NMR  (90  MHz,  CDjOD/CDClj)  S  9.35  (s,  IH)  ,  9.2  (dd,  IH)  ,  7.5  (s, 
Ph,  5H),  5.7  (s,  N*-CH2,  2H) ,  5.4  (s,  CH^,  2H)  ;  MS  (FAB)  i^e  271  (M*) , 
155    (100). 

Anal.     Calcd.     for    C^^K^^Hp^'Sc:    C,     51.30;    H,     4.31;    N,     7.98;    Br, 
22.75.      Found:   C,   51.35;  H,   4.35;  N,   7.96;   Br,   22.70. 
lH2artx3Xvinethvl-2-(hvdroxvindnomethYl)pvridinium  bromide  (71(d) 

A  solution  of  broroacetic  acid  (2.0  g,  14.4  iranol)  and  2-pyridine 
aldoxime  (1.76  g,  14.4  mnol)  in  dry  ethanol  (10  mL)  was  stirred  at  room 
tenperature  for  3  days.  Ihe  precipitate  was  collected  on  filtration  and 
recrystallized  fran  ethanol  to  give  71(d)  (25%  yield) .  ^H  NMR  of  the 
product  agreed  with  the  assigned  structure. 

hi  NMR    (90  MHz,    Dp)    S    8.7    (s.s,    IH)  ,    8.5    (s,    CH=N,    IH)  ,    8.3-7.9 
(m,    3H),    5.3    (s,    N*-<3i2,    2H)  ;   MS    (EI)    i^e   181    (M*) ,    169    (10),    152    (27), 
122    (100),    104    (30),    79    (45). 
1.3-Bis(trijnethvlainmoniuin)-2-propannl  dibronide   (79(a)) 

■It)  l,3-bis(diinethylamino)-2^ropanol  (5.0  g,  0.034  mol)  in 
chloroform  (5  mL)  was  added  an  excess  of  brcnonethane  (50  mL,  2.0  M  in 
ethyl  ether)  and  the  mixture  was  stirred  at  0°C  overnight.  The 
resulting  vAiite  precipitate  was  filtered  and  recrystallized  from 
methanol/acetonitrile  to  give  79(a)    (32%  yield) . 

^  NMR   (90  MHz,   up)    S  3.60-3.40   (m,   5H) ,   3.2    (s,    18H) . 
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1. 3-Bis(butvldimethYlaiTTOonium^  -2-proDanol     dibTTmidef79  fb^ ) 

l,3-Bis(diinethylamino)-2-prcpanol  (14.6  g,  0.146  mol)  and 
brtancbutane  (41  g,  0.30  mol)  in  chloroform  (50  mL)  were  heated  at  reflux 
ovemi^t.  The  solvent  was  evaporated  and  the  residual  oil  was 
su^jended  in  ethyl  ether  to  give  a  vAiite  solid.  Ihis  crude  solid  was 
recrystallized   froa  acetcnitrile  to  give  79  fb)    as  white  crystals    (63% 

yield) . 

\i  NMR    (90   MHz,    CDClj)     S    6.5    (br,    OH),    4.4-4.2    (m,    5H)  ,    3.9-3.2 
(m,    16H),    1.7    (dq,   4H) ,    1.35   (dq,    8H)  ,    0.98    (t,    6H)  . 
1.3-Bisfdodecr/ldinethvlaiTTOonium)-2-proDanol  riihmmide   (19(c)) 

To  l,3-bis(dimethylainino)-2-prcpanol  (5.0  g,  0.034  itinol)  in 
ethanol  (50  mL)  was  added  bronododecane  (16.8  g,  0.15  mmol)  and  the 
solution  was  heated  at  reflux.  The  solvent  was  evaporated  to  give  a 
thick  oily  residue  vAiich  was  then  titrated  in  ethyl  ether  to  give  vAiite 
solids.  Ihfi  solids  were  filtered  and  recrystallized  (ciiarcoal)  from 
acetonitrile-ethyl  ether  to  give  79 fc)    (60%  yield) . 

Hi  NMR  (90  MHz,  CDClj)  S  4.2-4.05  (m,  5H)  ,  3.6-3.10  (m,  16H)  ,  1.6- 
1.05    (m,    40H),    0.95    (t,    6H). 

Anal.  Calcd.  for  Cj^H^gNjOiBrj-HgO:  C,  55.06;  N,  10.80;  N,  4.20. 
Found:  C,  55.15;  H,  10.63;  N,  4.07. 
2- rfl-dodecvldiethylairanonium^  ethanol  bronide  (79(d)l 

Diethylamino  ethanol  (3  g,  0.012  nmol)  and  excess  of  branododecane 
in  ethanol  were  refluxed  over  3  days.  Charcoal  was  added  to  the 
reaction  mixture  and  the  filtrate  was  evaporated  to  dryness  to  give  a 
thick  oily  residue.  The  residue  was  suspended  in  ether  to  give  solids, 
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and  the  solids  were  recxystallized  frcrn  acetxaiitrile-ethyl  acetate  to 
give  vhlte   flaky  crystals  of  79 fd)  (46%  yield) . 

\i   NMR  (90  MHz,  CDCI3)  5   6.0  (br,  OH),  4.15-3.4  (m,  lOH) ,  1.9-1.05 
(m,  26H),  0.98  (t,  3H) . 
1.3-BisfbutvldimethylainmoniumW2-DroPYl  brtanoacetate  dibrcanide  (8_0(bll 

(i)  Use  of  neat  brcnoacetyl  brcndde.  Bis  (1,3-diinethylbutyl 
amino) -2-propanol  dibrcndde  (1.0  g,  1.59  nanol)  and  bramoacetyl  bromide 
(1  nL)  vras  stirred  under  anhydrous  conditions  for  4  days  at  50°C.  Ihe 
excess  brotoacetyl  branide  was  evaporated  under  high  vacuum  at  60°C. 
Ihe  oily  residue  was  washed  many  times  with  diethyl  ether,  the  residue 
was  dissolved  in  acetone  (15  mL)  and  treated  with  solid  sodium  carbonate 
(anhydrous)  for  30  to  45  min.  Ihe  resulting  clear  solution  after 
filtration  was  evaporated  to  dryness  to  give  a  white  hygroscopic  solid 
(1.20  g,  62  %  yield) . 

Hi  NMR  (90  MHZ,  CDCI3)  5  5.0  (s,  CH-0,  IH)  ,  4.2  (s,  Brai2,  2H) , 
3.8-3.0  (m,  15H),  2.8  (dt,  Oij,  2H)  ,  1.5  (dt,  4H,  CHj)  ,  1.0  (t,  CHj,  3H)  . 
MS  (FAB)  iVe  383  (M^) ,  323  (60),  280  (45),  158  (57),  102  (100%). 

rli^  Use  of  Et^N/broTPacetvl  bromide  (attempted).  Above  reaction 
was  carried  out  in  the  presence  of  EtjN  in  dry  chloroform.  Non-isolable 
product  mixture  resulted  after  work-up.  Repeated  attempts  to  obtain 
80 fb)  via  this  method  were  not  frviitful. 

(iii)  Use  of  Pyrid-ine/brcmoacetvl  bromide  (attempted) .  Method  (i) 
was  r^jeated  in  the  presence  of  equal  molar  pyridine  and  using 
chloroform  as  solvent,  at  45''c.  The  reaction  mixture  was  warmed  to  60°C 
for  3-4h.  Pyridine  and  chloroform  were  stripped  off  to  give  dirty  brown 
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oil.  The  ^H  NMR  of  the  oil  acxxxmted  for  a  product  mixture,  no  further 

purification  of  this  mixture  was  attenpted. 

riv)  Use  of  Diisopropylethvlamine/branoacetvl  brcauide  fatteinpted) . 

Method  (iii)  was  carried  out  using  equimolar  diiscprcpylethylamiive  as 

the  base.   Fined  oil  accounted  for  a  product  mixture.   Attempts  to 

isolate  the  product  by  solvent  extraction  and  chranatogrc^y  were  not 

successful. 

l,3-BisfdodecvldiTiy!t.hy1aininonium)-2-propvl  brCTnoacet;=^l-i^  dibromide 
^80fcn 

fi)  Use  of  neat  branoacetvl  brtauide.  1,3-Bis  (dimethyl  dodecyl 
annoiium) -2-propanol  dibrcmide  (1.0  g,  1.59  mmol)  and  bronoacetyl 
brtmide  (2  mL)  were  stirred  at  40-45°C  for  4  days  under  dry  conditions. 
Excess  braioacetyl  brcniide  was  evaporated  under  hi<^  vacuum  at  60  C. 
The  resulting  oily  residue  was  washed  several  times  with  ethyl  ether  and 
cdlowed  to  stand  en  ether  overnight.  The  resulting  semi  solid  was 
dissolved  in  acetone  and  stirred  with  solid  anhydrous  NajCIJj  until  the 
solution  was  clear.  The  solvent  was  stripped  of  to  give  hygroscopic 
solid  80 fc)  (83%  yield) . 

^H  NMR  (90  MHz,  CDClj)  5  4.9  (S,  CH-0,  IH)  ,  4.2  (s,  Br  CHj/  2H) , 
3.9-3.3  (m,  20H),  2.9-1.25  (m,  40H) ,  0.98  (t,  6H)  ;  MS  (FAB)  i^e  687  (I^ 
+  "^Br") ,  685  (M^*  +  ^°Br") ,  605,  (M^) ;  IR  (Nujol)  3250  (br,  N*<) ,  1720  (s, 

C=0)  cm'\ 

fii)  Use  of  bromoacetvl  brcmide/basers^  fatteinpted) .  Method  (i) 
was  carried  out  at  various  conditions  in  the  presence  pyridine  or  EtjN. 
A  crude  oil  isolated  at  each  trial  shwed  a  carplex  mixture  of  products 
(^H  NMR) . 
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2-fDcdecYldiethvlainmonium)ethYl  brcarpacetate  bromide  (81) 

2-(Dodecyl  diethyl )cmmcinium  ethanol  branide  (0.87  g,  2.4  mmol)  and 
brcmoacetyl  brcniide  (1.5  mL)  were  stirred  at  45°C  for  3  days,  under  dry 
ccnditions.  Excess  brcnoaoetyl  branide  was  evaporated  under  high  vacuum 
at  55-€0°C,  on  a  rotary  evaporator.  The  oily  residue  was  extracted  with 
chloroform  (50  mL) ,  washed  with  saturated  sodium  carbonate  solution  (2  x 
15  mL)  and  water  (2  x  10  mL) .  The  dry  chloroform  layer  was  stripped  off 
under  reduced  pressure  to  give  a  faint  yellcw  solid  vtiich  was  then  dried 
under  vacuum  to  give  81  (0.86  g,  73%  yield) .  The  product  was  found  to 
be  hcnogeneous  by  'h  NMR  and  was  carried  on  to  the  next  reaction  without 
further  purification. 

^H  NMR  (90  MHz,  CDClj)  <S  4.30  (s,  CHjBr,  2H)  ,  4.0   (m,  N^CHj) ,  3.8- 
3.5  (m,  8H),  2.9-1.1  (m,  26H) ,  0.98  (t,  3H) .  MS  (FAB)  Ve  406  (M*-l) , 
362  (35),  286  (85),  86  (100). 
1.3-Bis(trimethvlainmonium)-2-procivl  brtanoacetate  (80  fan  (Attempt^l 

(i)  Via  activated  ester.  4-Nitrcphenyl  branoacetate  (1.0  g,  2.5 
mrtol)  and  1,3-bis  (trimethylamino) -2-propanol  (0.28  g,  1.3  nnnol)  in 
toluene  were  stirred  with  imidazole  (0.10  g,  1.4  mmol)  at  room 
tenperature  for  2  days.  The  reaction  mixture  was  evaporated  to  dryness 
and  the  residue  was  washed  with  methylene  chloride.  Ihe  remaining 
residue  was  dried  in  vacuo.  ^H  NMR  of  the  final  oil  showed  that 
imidazole,  4-nitrophenol  and  the  desired  product  were  present.  Cue  to 
the  low  ratio  of  the  product  among  other  ccnponents  it  was  decided  not 
to  isolate  the  ccanpound  fran  this  mixture. 
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R^jeated   attenfjts   under   various   solvents   and   reagent 
concentrations  resulted  in  either  inccnplete  reaction  or  formation  of 
caily  a  trace  ainaunt  of  product. 

(ii)  Via  mixed  anhvdride.  To  a  solution  of  brcrooacetic  acid  (1.0 
g,  7.2  inaDl)  in  acetcnitrile  (10  mL)  was  added  trifluoroacetic  anhydride 
(3.0  mL)  and  stirred  for  10  min.  To  this  solution  1,3- 
bis(trimethylamino)-2-prcpanol  was  added  and  stirred  at  roan  temperature 
for  4  days  under  argon.  The  solvent  was  removed  by  vacuum  and  the 
residue  was  redissolved  in  acetonitrile.  The  insoluble  paste  was 
renoved  by  filtration  and  the  filtrate  was  evaporated  to  give  a  thick 
oil.  The  oil  was  stirred  with  anhydrous  sodium  cartx>nate  in  dry  acetone 
to  give  a  clear  thick  oil.  The  'h  NMR  of  the  product  did  not  indicate 
the  presence  of  the  expected  product. 

fiii^  Via  branoacetic  anhvdride.  1 , 3-Bis  ( trimethylamino)  -2- 
propanol  dibrooide  (1.94  g,  5.78  irenol)  was  dissolved  in  CMF  (20  mL)  and 
to  this  solution  was  added  branoacetic  anhydride  (2.0  g,  7.7  mmol)  in 
CMF  (5  mL)  under  argon.  To  this  stirred  solution  was  added  CMAP  (0.07 
g)  and  the  reaction  was  allowed  to  run  for  4-5  days.  The  reaction 
mixture  was  ev^xarated  to  dryness  and  excess  of  bromoacetic  anhydride 
was  rCTOved  by  washing  with  ethyl  ether.  The  resulting  syrup  was  dried 
under  vacuum  and  the  solids  were  isolated.  The  ^H  NMR  of  the  solid 
corresponded  to  the  unreacted  amino  eilcohol. 

The  above  reaction  was  carried  out  with  4-toluene  sulfonic  acid 
(catalytic  amount)  and  gave  similar  results.  Use  of  pyridine  as  the 
solvent  or  as  the  base  resulted  in  quatemization  of  2-branD  ester  (s) . 
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4-Nitrcn±ienvl  bronoacetate 

To  a  solution  of  bronoacetyl  brcmide  (7.2  g,  36  iranol)  in  dry 
c±ilorofonn  (ethanol  free,  5  mL)  was  added  4-nitrophenol  (5.0  g,  36  mmol) 
and  diisopropylamine  (4.65  g,  36  iiinol)  at  0°C  for  1  h.  The  reaction 
mixture  was  stirred  further  for  16  h  at  rocm  tenperature.  Ihe  reac±ion 
mixture  was  poured  onto  ice  and  extracted  with  chloroform  (3  x  35  mL) . 
•Ihe  organic  layer  was  washed  with  0.5%  sodium  hydroxide  (2  x  50  mL) , 
water  (2  x  50  mL)  and  dried  (NajSOj  .  Ihe  solvent  was  stripped  off  and 
the  solid  was  suspended  in  chlorofonVethyl  ether.  Insoluble  portions 
were  f iltere  off  arxi  the  filtrated  was  evaporated  to  give  a  faint  pink 
solid  (61%  yield) .  ''h  NMR  spectrum  agreed  with  the  desired  product. 

Hi  NMR  (90  MHz,  CDClj)  S    8.01  (J«=7.5  Hz,  2H)  ,  7.11  (J;«=7.5  Hz, 
2H),  S   3.9  (s,  BrCHj,  2H)  . 
Dodecvl  bromoacetate 

Dry  dodecanol  (3  g,  16  mmol)  and  brccioacetyl  bromide  (3  mL)  were 
stirred  at  50°C  for  2  days  under  dry  conditions.  Ihe  reaction  mixture 
was  evaporated  under  reduced  pressure  and  the  resulting  oil  was 
extracted  with  chloroform  (2  x  25  mL) ,  washed  with  sodium  bicarbonate 
solution  (2  X  15  mL)  and  dried  (NajSOJ .  Ihe  solvent  was  stripped  off 
fron  the  organic  layer  to  give  pure  dodecyl  bronoacetate  (81%  yield) . 

Hi  NMR  (90  MHZ,  ODClj)  S    4.2  (t,  0012,  2H)  ,  3.8  (s,  BrCHj,  2H)  , 
1.9-1.0  (m,  20H),  1.0  (t,  CHj,  3H) . 
Nonyl  brcanoacetate 

Dry  nonanol  (3.25  g,  ISmnol)  and  brarnoacetyl  bromide  (3  mL)  were 
stirred  at  roan  tenperature  for  2-3  days  under  dry  conditions.  Ihe 
excess  of  bronoacetyl  bromide  was  stripped  off  under  vacuum  to  give  an 
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oily  residue.   The  residue  was  extracted  with  chloroform  (2  x  25  mL) , 

washed  with  sodium  bicarfaonate  solution  (2  x  15  mL) ,  washed  with  water 

(2  X  10  mL)  and  dried  (NajSOJ  .  The  organic  layer  was  evaporated  under 

vacuum  to  give  pure  nonyl  branoacetate  (85%  yield) . 

\i   NMR  (90  MHz,  CDClj)  S   4.2  (t,  OCHj,  2H) ,  3.85  (s,  BrOij/  2H) , 

1.85-1.10  (m,  14H),  1.0  (t,  CHj,  3H) . 

1-  ri .  3-Bi  s  f  dimethvlaiTUJTO)  -2-r)rcooxv1  cartponvlmethvl 
fO-benzyloxvimino^inethvlrvT'i'^^iP''^™  bronide  (73)  . 

Transesterifi cation  fattempted) .  l-Ethylacetate-2-[ (O- 
benzyloximino) methyl]  pyridinium  brcmide  (2  g,  5.4  mmol)  and  excess  of 
bis(l,3^iimethylamino)-2-propanol  (1.5  mL)  in  chloroform  (ethanol  free) 
were  warmed  at  60°C  for  2  days.  A  dark  solid  resulted  on  addition  of 
ethylaoetate  and  this  residue  was  suspended  in  chloroform  and  filtered 
to  give  a  dark  brwn  solid.  The  Hi  NMR  of  this  solid  did  not  correspond 
to  the  expected  product,  but  rather  corresponded  to  the  decarboxylated 
product  (l-methyl)-2-(0-benzyloxyimiranethyl)  pyridinium  salt.   H  NMR 

(60  MHZ,  D2O)  S   9.5  (m,  IH),  8.4  (s,  CK=N,  IH)  ,  8.3-7.9  (m,  3H) ,  7.4  (s, 

5H),  4.6  (S,  N*CHj,  a3H)  . 

The  above  procedure  was  repeated  numerous  times  at  various 

conditions  such  as  in  the  presence  of  catalysts  (zinc  chloride,  p- 

toluene  sulfonic  acid,  etc.),  with  various  solvents;  all  such  atteirpts 

gave  similcir  results. 

F..^^,rification  lifting  Dir  fattemoted)  .  To  pyridinium-3^xime 
acetic  acid  72  (1.0  g,  2.5  mmol)  in  dry  EMF  (10  mL)  was  added 
diisopropylcarbodiimide  (DIG,  0.63  g,  5.0  mmol)  and  the  mixture  was 
stirred  for  10  min.  To   the  above  solution  was  added  (bis(l,3-dimethyl 
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amino) -2^rcpanol  (5.0  iranol)  in  CMF  (2  mL) .  Stirring  was  cxantinued  for 
5-6h  under  argon.  No  formation  of  DIU  (diiscprcpylurea)  was  observed 
even  after  prolonged  reaction  time  (2  to  3  days) .  Reaction  was  stepped 
after  3  days  and  the  solvent  was  removed  frcm  the  reaction  mixture.  The 
cru3e  residue  showed  a  %  NMR  spectrum  for  unreacted  starting  material. 

Esterification  x:isina  DCC/CMP  (attempted) .  Ihe  pyridinium-3-oxime 
acetic  acid  72  (1.0  g,  2.85  mmol)  in  acetonitrile  (15  mL)  was  added  to 
DOC  ("Gold  label" :Aldrich,  0.088  g,  4.3  mmol)  follcwed  by  addition  of 
bis(l,3-dimethyl)-2-prcpanol  (0.46  g,  3.14  mmol)  in  acetonitrile  (5  mL) 
and  stirred  at  roan  tenperature,  under  positive  argon  atmosphere.  The 
reaction  was  stepped  after  2  days  and  the  precipitated  dicycldhexylurea 
(DOJ)  was  removed  by  filtration.  The  filtrate  was  evaporated  to  give 
brown  solid.  The  major  caiponent  was  isolated  throu^  a  silica  gel 
column  (100-200  mesh)  by  eluting  with  solvent  system-2.  The  isolated 
prtxJuct  showed  ^H  NMR  spectrum  for  the  DOJ  adduct  of  the  acid  (76) ,  but 
not  the  expected  product.  Mass  spectrum  of  this  product  showed  the 
molecular  ion  (477)  corresponding  to  the  mass  of  the  DOJ  adduct. 

^H  NMR  (90  MHz,  CDCI3)  S  9.4  (s,  IH) ,  8.6  (d.d,  IH)  ,  8.4  (s,  OMi, 
IH),  8.0-7.7  (m,  2H)  ,  7.4  (s,  Fh,  5H)  ,  6.0  (s,  N^CHg,  2H)  ,  5.3  (s, 
OCHgFh,  2H),  3.6  (m,  2H) ,  2.0-1.0  (m,  20H) .  MS  (FAB)  ity^e  477  (M*) ,  352 
(32),  265  (80),  183  (100) 

Above  reaction  was  repeated  with  the  more  polar  solvent,  EMF,  and 
the  same  adduct  was  obtained.  Attenpts  to  convert  the  adduct  to  the 
prtxiuct  by  reacting  with  excess  of  Bis(l,3-dijnethylamino)-2-propanol 
under  various  conditions  were  not  successful. 
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1-  r  1 .  3-Bis  f  butvldlmethvlainmoniuin)  -2-proDVoxYl carbonylmethvl-S- r  f O- 

benzYloxviminomethYllpyridJniiim    trjbromide     rfl7fan     via N-alkylation 

with  bromoacvlesterl 

The  bjxnoacylester  84  fb)  (1.20  g,  1.53  mmol)  and  3-pyridine  Q- 
benzylaldoxime  (0.36  g,  1.7  innol)  in  acetonitrile  (10  mL)  were  stirred 
in  a  hcmemade  pressure  bottle  at  40°C  for  3  days,  under  argon.  Ihe 
resulting  vAiite  precipitate  was  filtered  and  washed  with  fresh 
acetonitrile.  The  solids  were  suspended  fron  methylene  chloride/acetone 
to  give  17 fb)    (0.60  g,   52%). 

Solubility:  CHjCl,  (soluble),  MeOH  (soluble),  CHjCN  (sparingly 
soluble) . 

Hi  NMR  (90  MHz,  CMSQ-d^)  S  9.97  (s,  IH) ,  9.5  (sd,  IH) ,  9.0  (s.s, 
IH),  8.65  (s,  a|=N,  IH),  7.5  (s,  Rl,  5H)  ,  6.05  (s,  NCHg,  2H)  ,  4.5-3.0 
(m,  15H),  1.9  (split  s,  (CHj),  4H) ,  1.5  (split  s,  (Qi^) ,  4H) ,  1.05  (t, 
CHj,  6H) .  MS  (FAB)  ir^e  593  (M^+^Br") ,  590  (M^+°°Br") ,  396  (10) ,  142  (75) , 
100   (100).   IR  (Nujol)    1735   (C=0(OR)),    1600    (m,   C=4J) . 

Anal.  Calcd.  for  CjjjH^gN^BrjOj:  C,  47.88;  N,  7.45;  H,  6.42.  Found: 
C,    47.59;  N,    7.39;  H,    6.65. 

1-  r  1 .  3-Bis  (butyldimethylammoniuTn^  -2-proDoxv1  carbonvlmethvl-3- 
r  (hydroxyimino^nvethvllpyridinium  tribromide  (17  (b) ) 

Coupling  reaction.     The  brcmraester  80(b)    (1.94  g,   3.6  mmol)   and  3- 

pyridine    aldoxime    (0.04    g,     3.3    mmol)     in    acetonitrile    (15    mL)    were 

stirred  at  40°C  in  a  hcroeanade  pressure  bottle  under  argon  for  3  days. 

Ihe  thick  oily  residue  formed  was  washed  several  times  with  fresh  warm 

acetonitrile  and  dried  under  vacuum  to  give  an  amorphous  solid.      This 

solid  was  recrystallized  in  methanol/ethyl  acetate  to  give  product  17(b) 

(0.61  g,  40%  yield). 
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Solubility:  MeOH  (soluble) ,  OijCN  (sparingly  soluble) . 

^  NMR  (90  MHz,  CMSO-d^)  S  9.5  (s,  IH) ,  9.3  (ds,  IH)  ,  9.0  (m,  IH) , 
8.4  (s,  C»=N,  IH),  8.3-8.2  (m,  IH) ,  5.93  (s,  N*CH,) ,  4.2-3.2  (m,  15H) , 
2.0  (split  t,  CHj,  4H),  1.50  (split  t,  CHg,  4H)  ,  0.90  (t,  Oij,  6H)  , 
Proton  exchanged  at  55.93;  MS  (FAB)  la/e  503  (M^+'^') ,  501  (M^+^Br') , 
365  (15,  247  (20),  155  (100),  102  (40). 

Anal.  Calod.  for  Cj^jH^^N^OjETj  ^0:  C,  40.60;  H,  6.52;  N,  8.24. 
Found:  C,  40.36;  H,  6.59;  N,  8.07. 

Debenzvlation  of  bezyl  ether  (attempted^ .  Coipcund  17(a)  (0.5  g, 
0.66  iiinol)  was  dissolved  in  10  mL  of  ethanol/water  (50:40)  and 
hydrogenated  at  30  PSI  with  5%  Pd/C  (375  mg)  for  IBh.  The  catalyst  was 
removed  by  filtration  and  the  filtrate  was  evaporated  to  give  a  green- 
brown  oil.  The  oil  was  triturated  to  give  a  crude  solid  (0.36  g) .  The 
solid  was  dissolved  in  acetonitrile  and  the  insoluble  portion  was 
reiiKJved  by  filtration.  The  solid  isolated  on  evaporation  of  the 
filtrate  showed  Hi  NMR  spectrum  lacking  the  benzyl  group  and  the  amino 
adochol  moiety. 

This  method  was  repeated  in  dry  methanol  varying  the  catalyst 
concentration.  In  all  cases,  cleavage  of  the  ester  group  occurred. 

1-  r  1 . 3-Bis  rdodecvldrmethvlajnmonium^  -2-Dropoxv1  carix3nvlinethvl-3- F  (0 
-benzvloxlminanethyl^lnvrif^iniim  tribranide  flSfa)) 

Bronoacylester  89  fc)  (1.00  g,  1.3  mmol)  and  3-pyridine  aldoxime 

(0.40  g,  1.7  nmol)  in  acetonitrile  (15  mL)  were  stirred  in  a  hone-made 

pressure  botUe  at  40''c  vmder  argon.   The  reaction  was  stepped  after  3 

days,  the  precipitate  was  filtered,  washed  with  fresh  acetonitrile  and 

dried   under   vacuum.      Ihe   solid   was   recrystallized   from 
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chlorofomv/acetone  to  give  vAiite  flaJ^  crystals  of  16(a)  (0.4  g,  35%) . 
Solubility:  chloroform  (soluble),  OijQl  (soluble) 

hi  NMR  (90  MHz,  CMSO-d^)  <S  10.1  (s,  IH)  ,  9.9  (split  s,  IH)  ,  8.9 
(^lit  s,  IH),  8.55  (s,  CH=N,  IH) ,  8.4-8.0  (m,  IH) ,  7.5  (s,  Eh,  5H) ,  6.3 
(S,  K"  CHj,  2H),  5.4  (S,  CH2H1,  2H),  4.5-3.0  (m,  15H)  ,  1.7-1.0  (m,  22H)  , 
0.95  (t,  6H).  MS  (FAB  m/e  563  (40),  270  (45),  214  (50),  93  (60),  84 
(100) . 

Anal.  Calcd.  for  C^^HgiN^OjBTj  Hp:  C,  55.79,  H,  8.40;  N,  5.62;  Br, 
24.07.   FOUI^:  C,  55.79;  H,  8.39;  N,  5.61;  Br,  23.64. 

1- n .  3-Bis  f dodecvl  dimethvlainmonium)  -2-proDoxv1  carbonvljnethvX 
-3-f  (hvdroxviniijxx>ethvl)1rVT'''^T"^^^  tribrcmide  fl6(b)) 

A  solutiOT  Of  broioacylester  80 fc)  (0.86  g,  1.12  imol)  and  3- 

pyridinealdcxime  (0.126  g,  1.12  mmol)  in  dry  acetonitrile  (10  mL)  were 

stirred  at  40*'c  under  argon  hane-made  pressure  bottle.   The  resulting 

white  precipitate  (0.51  g)  was  filtered  after  4  days  of  reaction,  washed 

with  fresh  acetonitrile  and  dried.   The  solid  was  recrystallized  from 

methanol/ethyl  acetate  to  give  white  flaky  crystals  of  (0.41  g,  41% 

yield) . 

^H  NMR  (300  MHz,  CMSO-d^)  S  12.3  (s,  N-QH,  IH)  ,  9.4  (s,  IH)  ,  9.15 
(s.s,  IH),  8.85  (d,  2H),  8.4  (s,  CH=N,  IH)  ,  8.2-8.1  (m,  IH)  ,  5.86  (s, 
N*-CH2,  2H),  4.60-4.50  (m,  4H)  ,  3.7-3.2  (m,  IIH) ,  1.7  (m,  4H) ,  1.3  (m, 
18H),  0.8  (t,  6H).  MS  (FAB)  li^e  435  (200,  418  (30),  332  (35),  212  mV3)  , 

84  (100). 

Anal.  Calcd.  for  CjgH^N^OjBrj:  C,  52.12;  H,  8.63;  N,  6.40;  Br, 
27.37.  Found:  C,  52.40;  H,  8.59;  N,  6.15;  Br,  27.44. 
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1  f  1 . 3-Bis  f  dodecvldimethvlainnnoniiim^  -2-proDoxv1  cartJonylmethYl 
-4-r  fhvdroxvimino  methvinnvridinium  tribrcanide  (19(bn 

A  solution  of  bronoacylester  (1.10  g,  1.44  mtnol)  and  4-pyridine 
aldGxime  (0.20  g,  1.44  nnol)  in  acetonitrile  (10  mL)  was  stirred  in  a 
hoiemade  pressure  botUe  at  40''C,  under  argon.  The  reaction  was  stopped 
after  3  days  and  the  precipitated  oU  was  isolated.  The  solids 
resulting  en  addition  of  ethyl  ether  were  filtered.  This  cnxie  product 
was  recrystallized  fron  either  acetonitrile  or  methanol/ethyl  ether  to 
give  19  fb)  (32%  yield) . 

Solubility:  CHjCN  (sparingly) ,  MeCH  (soluble) . 

\i  NMR  (300  MHz,  CMSO-d^)  S  12.3  (br,  N-OJ) ,  9-45  (ds,  2H) ,  8.45 
(S,  C«=N,  IH),  8.3  (ds,  2H),  5.95  (s,  N^-Olj,  2H)  ,  4.25-3.20  (m,  12H)  , 
1.9  (t,  2H),  1.6-1.4  (m,  20H),  0.95  (t,  6H) . 

Anal.  Calod.  for  C33H75N40jBr3.H20:  C,  52.07;  H,  8.68;  N,  6.27. 
Found:   C,    51.25;  H,   8.37;  N,   6.25. 

l-r  ffl-Dodecvldiethylainmonium^  ethoxvl'^r^nyl  methyl 
-3-fhvdrT3xviirdnorriethvl^pvr-i<i\piiim  dibTrmide   flBfbn 

A     solution     of     brcmoester     81      (0.86     g,      1.7     nnnol)      and     3- 

pyridinealdoxiine    (0.19   g,    1.7   nmol)    in  dry   acetonitrile    (12   mL)    was 

stirred  in  hanemade  pressure  botUe  at  40°C,   under  argon.     The  reaction 

was  continued  for  4  days,   after  which  a  snail  amcunt  of  ethyl  ether  was 

added.      The  solidified  material  was  separated  fron  the  supernatant  and 

dried.       The   solid  product  was   recrystallized    fron  acetonitrile/ethyl 

acetate  to  give  18 fb)    (0.51  g,  51%  yield) . 

'h  NMR    (300  MHz,    CMSO-d^)    59.4    (s,    IH) ,    9.15    (ds,    IH)  ,    8.8    (ds, 

IH),    8.4    (S,    CH=N,    IH),    8.2-8.1    (m,    IH)  ,    5.9    (s,    N^-Oig,    2H)  ,    4.6-4.4 

(m,   4H),   3.9-3.3    (m,   6H)  ,    1.8    (t,   2H)  ,    1.6-1.2    (m,    26H) ,    0.98    (t,    3H) . 
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Anal.  Calod.  for  G^H^/JjOjBTj:  C,  51.23;  H,  7.77;  N,  6.89;  Br, 

26.22.  Found:  C,  50.89;  H,  7.92;  N,  6.91;  Br,  26.28. 

1-r  fi3-Diethvlainino^ethoxv1carbonvlmethvl-3- 
fO-benzvloxviminamethvl^PYT-iriiriiiim  bromide  (75^  (attempted^ 

Ito  pyridinium  acetic  acid  22.   (1-Og,  2.85  nmol)  suspended  in  dry 
methylene  chloride  (10  inL)/few  drcps  CMF  was  added  cocalyl  chloride  (0.6 
mL,  6.7  nnol)  in  methylene  chloride  (5  mL)  over  10-15  min  at  room 
tenperatur^  and  stirred  for  another  30  min.   The  resulting  clear 
solution  was  evaporated  under  reduced  pressure  to  give  the  acyl 
chloride  and  dissolved  in  fresh  methylene  chloride  (7  mL) .   To  this 
solution  was  arHpd  diethylamino  ethanol  (0.34  g,  2.9  mol)  in  methylene 
chloride  (5  mL)  over  25  min  and  stirred  at  40°C  for  18  h.  Ihe  reaction 
mixture  was  evaporated  to  dryness  and  su^jended  in  ethyl  ether.   Ihe 
precipitate  that  resulted  was  filtered  and  dried  under  vacuum  to  give  a 
brown  solid.  ^H  NMR  of  this  solid  showed  unreacted  diethylamino  ethanol 
euid  no  coupled  product. 
RiostAiate  Diesters  and  Triesters 
Octyl  bis(4-nitro|:^envl)  i^iosiiATate  (23) 

A  solution  of  1-octanol  (4.42  g,  0.034  mol)  and  dry  2,6-lutidine 
(3.64  g,  0.034  mDl)  in  dry  ethyl  ether  ("sure  seal",  25  mL)  was  added 
drrpwise  over  a  period  of  30  min  to  a  well  stirred  solution  of  4- 
nitrophenyl  phosphodichloride  (8.7  g,  0.041  mol)  in  dry  ethyl  ether  (25 
mL)  at  0°C,  under  argon  atmosphere.  Ihe  reaction  mixture  was  stirred 
overnight  at  roan  tenperature  to  cdlow  caiplete  precipitation  of 
lutidine  hydrochloride,  and  the  precipitate  was  removed  by  filtration. 
Ihe  filtrate  was  evaporated  in  a  rotory  ev^xirator  equipped  with  a 
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dryirg  taobe.   The  resultirg  oil  (8.85  g)  was  immediately  used  in  the 
next  st^.   ^H  NMR  of  the  oil  perfectly  agreed  with  the  structure  of 
octyl  4-nitrcphenyl  chlorcphosphate. 

It*  the  above  oil  (7.58  g,  0.022  mol)  in  dry  ethyl  ether  (40  mL) 
vas  cidded  equimolar  sodium  nitrcphenolate  (3.67  g,  0.022  mol)  in 
portions  over  Ih  at  5°C.  Ihe  mixture  was  then  stirred  ovemi<^t  under 
aigon.  The  precipitated  sodium  chloride  was  filtered  off  and  the 
solvent  was  evaporated  to  give  an  oil  (8.60  g,  73  %  yield) .  The  product 
was  handled  with  great  caution.^ 

TLC  (solvent  system  3):   R^  0.20;  \i   NMR  (90  MHz,  CDClj)  <S  8.4-7.5 
(m,  8H),  4.0  (q,  2H) ,  1.30-0.9  (m,  (CH;)^),  12H)  ,  0.8  (t,  CHj,  3H)  . 
Methvl  octvl  4-nitroc^envl  ohoschate  (24) 

Tto  methyl  dichlorophosphate  (5.05  g,  0.034  mol)  in  pentane  (20  mL, 
dried  over  molecular  sieves)  was  added  1-octanol  (5.49  g,  0.034  mol)  and 
lutidine  (3.64  g,  0.034  mol)  in  pentane  (25  mL)  over  0.30  min  at  0°C, 
under  argon.  The  white  precipitate  was  filtered  in  the  glove-box  and 
the  filtrate  was  evaporated  carefully  to  give  an  oil.  The  product  was 
stored  in  the  glove  box. 

Tto  this  crude  oil  (4.6  g,  0.019  mol)  in  dry  ethyl  ether  (25  mL) 
was  added  4-nitrc0ienolate  sodium  salt  (3.05  g,  0.019  mol)  in  portions 
over  Ih  in  a  dry  box.  After  the  final  addition  the  reaction  was  stirred 
for  another  2h  ard  the  precipitated  sodium  chloride  was  removed  by  a 
series  of  filtrations  in  the  glove-^xix,  and  washed  with  ethyl  ether. 
The  filtrate  was  washed  with  water  and  dried  (NaSO^) ,  and  the  solvent 
was  evaporated  and  the  resulting  oil  (23)  was  stored  at  -5°C  for  future 
use  (80  %  yield) .  The  product  was  handled  with  great  caution. 
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TLC  (ethyl  ether):  R^  0.78;  X^,  pH  9.4:  274  nm.  ''h  NMR  (90  MHz, 
CDCI3)  S   8.1  (J^=e.0  Hz,  2H),  7.30  (J„=8.0  Hz,  2H)  ,  3.8  (q,  2H)  ,  3.5  (d, 
CHj,  3H),  1.40-0.90  (m,  (CHg)^,  0.85  (t,  CHj,  3H)  . 
Octyl  4-nitrochenYl  hydrogen  phost±iate  (27) 

To  the  crude  oil  of  octyl  4-nitrcphenyl  chlorcphosphate  (1.0  g, 
2.86  mtol)  obtained  during  synthesis  of  23,  was  added  2,6-lutidine  (25 
inL)/water  (15  mL)  drcpwise  at  5°C  and  stirred  for  3  to  4h  at  room 
terrperature.  The  product  was  extracted  with  chloroform  (2  x  25  mL) , 
washed  with  water  (2  x  10  mL)  and  dried  (NajSO^) .  The  solvent  was 
stripped  off  and  the  resulting  oil  was  washed  many  times  with  petroleum 
either  to  give  the  pure  lutidine  salt  of  octyl  4-nitrc^enyl  piiosphate 
(0.77  g,  60%  yield) . 

^H  NMR  (90  MHz,  CDCI3)  :  5  8.25  (J^=8  Hz,  2H) ,  7.9  (J^=8  Hz,  2H) , 
7.6-7.4  (m,  3H),  4.15  (q,  2H) ,  2.8  (s,  2xCHj,  6H) ,  1.8-1.8  (m,  12H) , 
0.85  (t,  CHj,  3H). 

The  lutidine  scdt  was  converted  to  its  free  acid  by  stirring  in 
Amberlyst  ion-exchange  resin  (H*  form)  in  methanol  for  30  min.  The 
resulting  solid  on  evaporation  of  solvent  was  recrystallized  from 
methanol/acetonitrile  to  give  white  solids  of  27. 

\i  NMR  (300  MHz,  CDjCN)  5  8.06  (J^=7.5  Hz,  2H) ,  7.30  (J^=7.5  Hz, 
2H),  3.8  (q,  J=10  Hz,  POCHg,  2H)  ,  1.35-0.90  (m,  (aig)^,  12H)  ,  0.8  (t, 
CHj,  3H)  X^,  pH  9.4:  294  nm.  MS  (EI)  ii^e  331  (M*) ,  250  (43),  130  (100). 

Anal.  Calcd.  for  q^HgjO^  NP.^i  Up:  C,  50.01;  H,  6.61;  N,  4.17. 
Found:  C,  49.68;  H,  6.37;  N,  4.60. 
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Dodecvl  4-nitrotA^envl  hydrogen  t:^ost±iatef26) 

A  solution  of  l^iodecanol  (2.43  g,  0.0132  mol)  and  2,6-lutidine 
(1.29  g,  0.012  mol)  in  dry  ethyl  ether  (15  mL)  was  added  drcpwise  over  a 
period  of  30  min  to  a  stirred  ice  cxjld  solution  of  4-nitrcphenyl 
diciilorophosphate  (3.0  g,  0.012  nol)  in  ether  (12  mL)  under  positive 
argon  atmosphere.  The  resulting  white  suspension  was  stirred  overnight 
at  roan  tenperature.  Ihe  precipitate  of  lutidine  salt  was  filtered, 
washed  with  fresh  solvent,  and  the  solvent  was  evaporated  to  give  an  oU 
(dodecyl  4-nitrophenyl  chlorcphosphate,  4.57  g,  0.012  mol). 

The  oil  was  added  to  lutidijTe  (6  mL)  dropwise  and  stirred  at  room 
temperature  for  30  min  to  45  min,  water  (30  mL)  was  added  and  alleged  to 
stand  3h.  Ihe  cloudy  solution  was  extracted  with  ctdoroform  (2  x  15 
mL),  the  organic  extract  was  washed  with  cold  water  (2  x  15  mL)  and 
dried  (NajSOJ .  The  oil  resulting  on  evaporation  of  solvent  was 
triturated  with  petroleum  ether  (40-60°C)  and  the  residue  was  dried 
under  high  vacuum  to  give  the  lutidine  salt  of  the  product  (3.05  g,  55% 

yield) . 

A  portion  of  the  salt  was  converted  to  the  free  acid  by  stirring 
with  ion-exchange  resign  (Amberlyst,  H*  form)  in  methanol  at  room 
tenperature  for  2h.  The  product  c±jtained  on  evaporation  of  solvent  was 
recrystallized  frtxn  ethyl  acetate  to  give  26  as  crirstals.  The  product 
was  filtered  ard  dried  to  yield  hydrated  free  acid. 

\i  NMR  (300  MHZ,  CDClj)  S  8.20  (J^=8  Hz,  2H)  ,  7.42  (J„=8  Hz,  2H) , 
7.0  (br,  OH),  4.05  (q,  J=9  Hz,  POCHj,  2H) ,  1.75  (q,  2H) ,  1.4-1.1  (m, 
20H),  0.95  (t,  CHj,  3H).  MS  (EI)  m/e  388  (M*l)  ,  291  (10)  138  (100)  ;  X^ 
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m  (294),  (274). 

Anal.  Ccdod.  for:  q8«3o06NP-  O.SHjO:  C,  54.53;  H,  7.88;  N,  3.53. 
Found:  C,  53.68;  H,  7.91;  N,  3.26. 
Butvl  4-nitrochenYl  hvdroaen  chost^iate  (28) 

A  solution  of  1-butanol  (0.46  g,  0.025  inmol)  and  2,6-lutidine 
(0.63  g,  5.86  OTiol)  in  dry  ethyl  ether  (10  mL)  was  added  over  a  period 
of  30  min  to  a  stirred  solution  of  4-nitrcphenyl  diciilorcphosphate  (1.5 
g,  5.86  mnol)  in  ethyl  ether  (10  mL)  at  positive  argon  pressure,  at  0°C. 
Ihe  resultii^  white  suspension  was  stirred  overnight  at  room 
temperature.  The  precipitate  was  filtered,  washed  with  fresh  solvent, 
and  the  solvent  was  evaporated  to  give  crvde  txityl  4-nitrophenyl 
chlorophosphate  (1.71  g) . 

Ito  this  crude  oil  was  added  lutidine  (2  mL) ,  the  mixture  was 
stirred  for  30  min,  ard  water  (15  mL)  was  added.  Ihe  clcudy  solution 
was  allowed  to  stand  for  6h,  extracted  with  dichloranethane  (2  x  20  mL) 
and  washed  with  water  (2  x  10  mL) .  Ihe  organic  layer  was  evaporated  to 
give  an  oil,  the  residue  was  allowed  to  stand  in  petroleum  ether  (40- 
60°C)  overnight  and  dried  under  vacuum  to  give  the  lutidine  salt  of  28 
(1.19  g,  53%  yield). 

^H  NMR  (90  MHz,  OXlj)  S    8.15  (J„=7.5  Hz,  2H)  ,  7.26  (J„=7.5  Hz, 
2H),  4.2  (q,  J=13  Hz,  IMXHj,  2H)  ,  2.9  (s,  2CHj,  6H)  ,  1.6-1.2  (m,  4H) , 

0.98  (t,  CH3,  3H). 

A  portion  of  the  salt  was  treated  with  ion  exchange  resin 
(Amberlyst,  H*  form)  as  described  in  the  synthesis  of  24.  Ihe  product 
isolated  was  recrystallized  frcm  acetonitrile/ethyl  ether  to  give  28. 
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^H  NMR  (90  MHz,  CDClj)  S  8.20  (J«=7.5  Hz,  2H) ,  7.25  (J;a=7.5  Hz, 
2H),  4.15  (q,  J=9  Hz,  P-O-CHg,  2H) ,  1.6  (q,  CHj,  2H) ,  1.5-1.2  (m,  4H) , 
0.95  (t,  CHj,  3H).  MS  (EI)  in/e  275  (M*) ,  220  (65),  91  (100)  .  X^,  pH  9.4: 
274,  294  ran. 

Anal.  Calcd.  for  C^^p^iJP.     Up:     C,  41.82;  H,  5.32;  N,  4.93. 
Fourd:  C,  41.70;  H,  4.85;  N,  4.95. 
Benzvl  4-nitrcfcAienYl  hvciroqen  phos|:JTate  (30) 

A  solution  of  benzyl  alcohol  (0.665  g,  6.15  mmol)  and  dry  2,6- 
lutidine  in  dry  ethyl  ether  (10  mL)  was  added  to  a  stirred  solution  of 
4-nitrc^enyl  dichlorc^iosphate  (1.04  g,  5.86  mmol)  over  30  min  and  the 
solution  was  stirred  overnight  at  roan  temperature.  The  resulting 
suspension  was  evaporated  to  give  exude  benzyl  4-nitrcphenyl 
monochlorc^osphate  (1.03  g) . 

This  oil  was  added  to  water  (20  mL) /tetrahydrofuran  (10  mL)  for  2h 
and  the  pH  was  adjusted  to  4-5  with  drcps  of  diluted  hydrochloric  acid. 
Ihe  solution  was  extracted  with  dichlorcmethane  (2  x  25  mL)  and  dried 
(Na2S0^) .  Solvent  was  stripped  off  to  give  a  semi  solid  vAiich  was  then 
purified  thrx3u«^  a  silicagel  column  (100-200  mesh)  by  eluting  with 
solvent  system-4  and  followed  by  solvent  system  5  to  give  30  (43% 
yield) . 

^H  NMR  (300  MHz,  CDjOD/CDjCN)  5  8.05  (J^=8.1  Hz,  2H)  ,  7.27  (J^=8.1 
Hz,  2H),  7.6  (s,  Fh,  5H) ,  5.0  (d,  J=ll  Hz,  O^  Eh,  2H)  ;  MS  (EI)  Ve  308 
((M-1*)),  229  (20),  139  (30),  91  (100)  ;  X^,  pH  9.4:  294  nm. 

Anal.  Calcd.  for  C^^p^liP.  HjO:  C,  47.72;  H,  4.31;  N,  4.28. 
Found:  C,  47.26;  H,  3.89;  N,  4.21. 
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Ethyl  4-nitrochenvl  choscJiate  (29) 

A  solution  of  absolute  ethanol  (0.27  g,  5.86  nrnol)  and  2,6- 
lutidine  (0.63  g,  5.86  nmol)  in  dry  ethyl  ether  (10  mL)  was  added  to  a 
st±rred  solution  of  A-nitrophenyl  dichlorophosphate  (1.04  g,  5.86  mmol) 
over  30  min  at  0°C  ard  the  solution  was  stirred  ovemi^t.  The 
resultii^  white  precipitate  was  filtered  off  and  washed  with  fresh 
solvent.  The  solvent  was  stripped  off  to  give  ethyl  4-nitrcphenyl 
chlorcphosphate . 

Ihis  oil  was  dissolved  in  tetrahydrofuran  (10  mL)  and  added  to 
cold  water  (20  mL)  with  a  few  drops  of  diluted  hydrochloric  acid.  The 
solution  mixture  was  extracted  with  methylene  chloride  (2  x  20  mL)  and 
dried  (NajSOJ .  The  solvent  was  stripped  off,  product  residue  was 
recrystallized  fron  ethyl  acetate/petroleum  ether  (40-60°C)  to  give 
beige  crystals  of  23.   (13%  yield) . 

Hi  NMR  (300  MHz,  CDClj)  S  9.5  (br,  OH),  8.24  (J«=7.7  Hz,  2H)  ,  7.36 
(J^=7.7  HZ,  2H),  4.25  (q,  J=9  Hz,  POCHj,  2H)  ,  1.4  (t,  J=9  Hz,  Oij,  3H)  ; 
"C  NMR  (75  MHz,  CDClj)  S  155.3,  144.8,  125.7,  120.71/120.63, 
65.36/65.29,  15.98/15.90;  MS  (EI)  m/e  247  (M*)  ,  167  (55),  109  (100); 
X^,  pH  9.4:  292  nm. 

Anal.  Calcd.  for  C^qO^^'    C,  38.87;  H,  4.07;  N,  5.67.   Found:  C, 

38.67;  H,  4.09;  N,  5.60. 
Bisf2.4-<^initroDhenvl)  phosphate  (33) 

(1)  Literature  method^  (atteinpted) .  Fhosphoryl  chloride  (1.53  g, 
0.01  ncl)  was  ^'^H^  slowly  under  argon  to  a  well  stirred  solution  of 
2,4-<iinitrDphenyl  phosphate  (5.52  g,  0.03  mol)  in  2,6-lutidine  (50  mL) 
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at  rxxan  terrperature.  The  soliation  was  then  warmed  to  about  50°C  for  30 
min  then  allowed  to  cool  for  Ih  v*iile  stirring.  The  mixture  was  poured 
on  to  water  (100  mL)  and  the  dark  solids  were  filtered  off  and  washed 
with  water.  Recrystallization  fran  ethanol  (charcoal)  give  0.2  g  of 
faint  beige  product.  The  product  shewed  violet  colorization  on  addition 
to  alkali.  The  m.p.  (200-202''C)  failed  to  agree  with  the  literature 
value  (178-179°C)  even  after  several  recrystallizations.  The  properties 
of  this  carpourd  resemble  those  of  pyridinium  salts  of  2,4- 
dinitrt^enol.  The  procedure  was  irepeated  several  times  without  any 
success. 

(ii^  Literature  method^^  fattemnted) .  To  a  suspension  of  2,4- 
dinitrt^iienol  (5.25  g,  0.064  mol)  and  dry  pyridine  (18  mL)  was  added 
phosphoryl  chloride  over  30  min,  the  mbcture  was  stirred  at  room 
temperature  for  3h  and  added  to  deionized  water  (200  mL) ,  with  stirring. 
The  reaction  mixture  was  cooled,  precipitate  was  filtered  and  washed 
with  water,  and  the  cru3e  product  was  dried  over  PjOj  vinder  vacuum.  The 
resulting  yellow  crystals  were  recrystallized  from  water.  The  product 
showed  violet  colorization  on  addition  to  alkali,  indicative  of  a 
pyridinium  salt  of  2 , 4-dinitroFhenol  but  not  the  desired  product. 

fiii^  Modified  method.  To  2 , 4-dinitrophenol  (2.76  g,  (recryst. 
frcm  toluene),  0.03  mol)  in  2,6-lutidine  (99%,  25  mL)  and  dry 
acetonitrile  (15  mL)  was  added  to  phosphoryl  chloride  (distilled,  0.5 
mL,  1.53  g,  0.01  mol)  via  a  syringe  at  roan  temperature,  under  argon. 
The  solution  was  warmed  to  about  45°C  for  15  min.  The  resulting  dark 
solution  was  stirred  at  rxxm  temperature  for  30  min  and  then  allowed  to 
cool  in  a  ice-bath  for  Ih  under  stirring.   The  reaction  mixture  was 
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pc3urBd  into  ice-vater  (50g)  ard  water  (150  mL)  was  further  added.  About 
75  mL  of  water  was  stripped  off  in  a  rotory  evaporator  at  55°C  and  the 
resulting  dark  precipitate  was  filtered  and  washed  with  water.  Crude 
product  was  dried  under  vacuum  ovemi<^t  and  recrystallized  frcm  either 
ethanol  or  acetonitrile  to  give  colorless  crystals  of  33  (39%  yield) : 
m.p.  181-182°C  (lit.  184-186°C"). 

^H  NMR  (90  MHz,  CDCI3)  5  8.9-7.65  (m,  9H)  ,  2.5  (s,  2xCHj,  6H)  ;  X^, 
pH  9.3:  265  ran. 
2 . 4-Dinitrot:tienyl  4-nitrophenvl  hvdroaen  phosphate  (31) 

A  solution  of  2,4-dinitrcFhenol  (1.10  g,  6.00  mmol)  and  2,6- 
lutidine  (0.63  g,  5.86  mmol)  in  ethyl  ether  (15  mL)  was  added  over  30 
min  to  a  stirred  solution  of  4-nitrc^enyl  dichlorophosphate  in  dry 
benzene  at  roan  teitperature,  under  argon.  The  reaction  mixture  was 
allowed  to  stand  overnight,  the  precipitate  was  filtered  off  and  washed 
with  fresh  solvent.  The  filtrate  was  evaporated  under  reduced  pressure 
to  give  an  oil  (0.94  g) . 

Lutidine  (3  mL)  was  added  drcpwise  to  the  oil,  stirred  for  30  min 
ani  water  (30  mL)  was  added.  Ihe  solution  was  left  ovemi(^t  at  +5°C 
extracted  with  chloroform  (2  x  20  mL) ,  and  washed  with  water  (2  x  10 
mL) .  The  solvent  was  stripped  off  and  the  resulting  oily  residue  was 
suspended  in  petroleum  ether  (40-60''C) .  TLC  (solvent  system-1)  shewed 
three  canponents  with  one  of  them  as  the  major  product.  %  NMR  of  the 
product  ndxture  indicated  the  presence  of  the  desired  product.  Further 
isolation  of  product  was  not  carried  out. 
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Oxazolirii  rtnrxqg  and  Glvccurils 
4-Hvdroxvir>ethvl-4-methvl-2-oxazol.idinone  (44^ 

A  solution  of  urea  (7.2  g,  0.19  mol.)  and  2-amino-2-inethyl-l,3- 
propanediol  (Aldrich,  12.6  g,  0.141  mol.)  in  dimethyl formamide  (18.6  g) 
was  refluxed  for  12h  Ihe  reaction  mixture  was  pcured  on  to  ethyl  ether 
(400  mL)  and  stirred  for  Ih.  The  resulting  white  precipitate  was 
filtered  and  recrystcaiized  froa  methanol-acetone  to  give  44  (11.3  g, 
60%  yield) :  up  115-116°C. 

Hi  NMR  (90  MHz,  Df)  S  4.41  and  4.0  (J^=8.5  Hz,  2H)  ,  3.5  (s,  2H) , 
1.3  (s,  3H);  "CNMR  (74.4  MHz,  CMSOd^)  S  158.76  (OO)  ,  72.20,  66.60, 
58.40,  22.66. 

Anal.  Calcd.  for  CjH^iOj:  C,  45.80;  H,  6.92;  N,  10.68  Found:  C, 
45.88;  H,  6.93;  N,  10.68. 
Pyridiniumf4-ngthvl-2-oxazolidinone-4-vl)methvl  sulfate  (46 (a)) 

Tto  a  hot  solution  of  M  (1  g,  7.6  mnol)  in  warm  acetonitrile  (10 
mL)  was  added  pyridine  sulfoxide  (1.23  g,  7.75  mmol)  in  portions  under 
dry  conditions.  Ihe  reaction  was  alleged  to  stir  at  SO^C  for  about  Ih 
and  then  allowed  to  stand  overnight  withcut  further  stirring.  Ihe 
solvent  was  evaporated  and  the  resulting  oU  was  washed  sequentially 
with  (1)  chloroform-acetone  1:2  (15  mL) ,  (2)  acetone-acetonitrUe  1:2 
(2x15  mL),  (3)  acetone: acetonitrile  1:1  (10  mL)  and  the  residual  oil  was 
evaporated  to  dryness.  The  residual  oil  was  dissolved  in  water  (10  mL) 
and  evaporated  to  dryness  to  give  a  brown  syrupy  oil  of  46(a)  (1.2  g, 

69%  yield) . 

^  NMR  (90  MHz,  D2O)  S   8.8-7.9  (M,  5H,  Pyr) ,  4.4  and  4.0  (J„=9  Hz, 

2H),  3.9  (S,  2H,  O^O),  1.3  (S,  O^)  . 
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Anal.Calcd.  for  C^^^U^f^.    up:    C,  38.96;  H,  5.23;  S,  10.40;  N, 
9.09.  Found:  C,  39.00;  H,  5.14;  S,  10.49;  N,  9:02. 
Sodiumf4-irethvl-2-oxazolidinone-4-vl)methvl  sulfate  (46(b)) 

The  pyridinium  salt  of  sulfate  46(a)  (2.10  g,  7.26  imnol)  was 
dissolved  in  water  (2  mL)  and  sodium  hydroxide  (0.40  g,  10.00  itiinol)  was 
added  and  stirred  at  roan  tenperature  ovemi^t.  The  solvent  was 
evaporated  to  dryness  and  ethanol  (5  mL)  /  water  (2  mL)  was  added.  The 
precipitated  inorganic  salt  was  removed  and  the  filtrate  was  further 
precipitated  by  adding  acetone  on  cooling.  The  filtrate  was  evaporated 
to  give  a  white  hygroscopic  solid  and  the  solid  was  dried  under  vacuum 
to  give  the  mono  sodium  salt  of  the  sulfate  46(b)  (  0.7  g,  42%  yield) . 

Anal.  Calcd.  for  C^HgO^SNNa.  Ufi:  C,  23.90;  H,  4.01;  N,  5.58;  S, 
12.76;  Na,  9.15.  Found:  C,  24.28;  H,  3.93;  N,  5.30;  S,  12.73;  Na,  9.10. 
3-BrcgtP-4-hvdroxymethvl-4-inethvl-2-oxazolidinone  (45) 

lb  a  soluticMi  of  44  (0.66  g,  5  mnol)  and  sodivrai  hydroxide  (0.28  g, 
7  mnol)  in  5  mL  of  water  was  added  brcmine  (0.88  g,  5.5  mmol)  at  0°C 
with  stirring.  After  30  minutes  the  precipitate  was  collected  by 
filtration,  washed  with  a  small  amount  of  cold  water  and  dried  (NajSO^) 
to  give  a  v*iite  crystalline  precipitate  identified  by  ^H  NMR  as  the 
desired  product.  A  small  amount  of  product  was  dissolved  in  CMF  and 
ancilyzed  (iodcrostry)  to  have  85-90%  brcanine  content  per  mole  product. 
The  brcmine  content  decreased  with  storage  time. 

hi  NMR  (90  MHz,  CDClj/CMSO-d^)  5  4.30  (d,  H)  ,  3.93  (d,  IH)  ,  3.43 
(S,  2H),  1.30  (S,  3H). 

Anal.  Calcd.  for  qHgBrNOj:  C,  28.59;  H,  3.84;  N,  6.67;  Br,  38.05. 
Found:  C,  29.34;  H,  3.85;  N,  6.81;  Br,  36.46. 
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f3-Brcoo-4-methvl-2-cixazolifiip<-)ne-4-vl^inethYl  sulfate  (47^ 

(i)  Bronination  bv  branine/Sodium  Hydroxide.  To  46 fb)  (0.71  g, 
2.83  nncl)  dissolved  in  water  (2  mL)  was  aciied  sodium  hydroxide  (0.1132 
g,  2.83  nBol)  and  the  mixture  was  stirred  rocm  temperature  for  15  min 
before  the  solution  was  brou^t  to  -5°C.  Brcmine  (0.5  g,  4.25  mmol)  was 
:YVie>ri  to  the  above  solution  under  stirring  and  stirred  further  for  20 
min  at  0°C.  The  resulting  yellow-brown  suspension  was  filtered  thrcwgh 
a  medium  pore  sintered  glass  funnel  and  the  filtrate  was  freeze-dried  to 
give  a  faint  yellow  solid.  The  solid  was  examined  by  iodometric 
titration  to  have  86-90%  of  brcmine  content  per  mole.  Attempted  removal 
of  sodium  bronide  from  the  product  mixture  by  t-butanol/acetonitrile 
solvent  wash  reduced  the  bromine  content  to  40-50%. 

rii^  Brcndnation  bv  NES.  To  46(b)  (0.5  g,  2.1  mmol)  in  water  (1.5 
mL)  was  aA^<=^  NBS  (0.39  g,  2.2  nanol)  at  -5°C  and  the  mixture  was  stirred 
for  15  min.  The  suspensicn  was  filtered  thrcu^  a  medium  pore  sintered 
glass  funnel  and  the  filtrate  was  washed  with  cold  carbon  tetracdiloride 
(2x15  mL) .  Ihe  aqueous  layer  was  freeze-dried  to  give  a  faint  yellow 
solid.  Ihe  brcmine  content  was  determined  by  iodcmetric  titration  to  be 
70-75%.  The  'h  NMR  of  the  solid  showed  the  skeleton  of  the 
cxazolidinone  ring  and  peak  for  succinimide  (5  2.9  ppn) . 

(Hi)  Brcmination  bv  t-butvlhvpcA3romite.  To  a  stirred  solution  of 
brcmine  (0.64  g,  0.04  mol.)  in  water  (6  mL)  was  added  silver  sulfate 
(9.6  g,  0.048  mol.)  in  portion  until  the  dark  brown  color  changed  to 
orar^e  («15  min) .  The  aqueous  part  of  the  solution  was  decanted  throu^ 
a  glass  nool  into  a  flask  containing  t-butanol  (2.66  g,  0.036  mol.)  in 
fluorocarbon  II  (CFCI3,  15  mL)  in  a  cold  water  bath  and  shaken  over  15 
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to  20  min.  The  organic  layer  was  s^sarated  and  dried  (NajSO^) .  The 
solvent  was  evaporated  under  low  vacuum  at  air  terrperature  to  give  a 
yellow-red  oil  (t-butylhypcbronite,  1.0  g) .  This  oil  showed  77%  bromine 
incorporation  by  iodcttetric  analysis.  This  oil  was  immediately  carried 
on  to  the  next  st^  or  stored  at  -5°C. 

Tti  a  solution  of  46 fb)  (0.6  g,  2.6  minol)  and  water  (3  mL)  at  0-5°C 
was  added  t-butylhypcbrcmite  (77%,  0.85  g,  3.0  mmol)  and  the  mixture  was 
stirred  for  45  min.  The  reaction  mixture  was  filtered  throu^  a 
sintered  glass  funnel  and  the  aqueous  filtrate  was  freeze-dried  to  give 
faint  yellow  solid  (0.8  g,  97%) .  The  broidne  content  was  determined 
iodcsnetrically  to  be  100-104%  per  mole.  The  sanple  was  stored  in  an 
amber  vial  in  a  desiccator.  The  ^H  NMR  was  recorded  (quickly)  in 
deuterium  oxide,  and  showed  a  sli^t  change  in  the  AB  splitting  pattern 
of  the  oxazolidinone  ring  ccnpared  to  that  of  the  parent  free  amine. 
The  sanple  was  noticeably  decomposed  on  standing  in  deuterium  oxide. 

hi  NMR  (60  MHz,  D2O)  S  4.2  and  4.4  (J^=7  Hz,  2H) ,  3.9  (s,  2H) ,  1.3 
(s,  3H). 

Anal.  (CsHgNO^SBr)  H,  N;  C:  Calcd.  27.89;  Found,  27,60. 
4-SuccinoYloxvmethvl-4-inethvl-2-oxazolidinone  (48) 

Tto  44  (1  9/  7.7  mmol)  dissolved  in  hot  acetonitrile  (7  mL)  was 
added  succinic  anhydride  (0.88  g,  8.6  mmol)  in  portions  at  50-60°C  under 
argon  atmosphere,  and  pyridine  (0.77  g,  7.7  mmol)  was  added  to  the  above 
solution  and  stirred  for  Ih  The  reaction  mixture  was  allowed  to  stir  at 
room  tenperature  for  4  to  5h. 

The  solvent  was  evaporated  to  dryness  and  water  (5  mL)  was  added, 
and  the  solution  was  evaporated  in  a  warm  water-bath  to  give  a  syr\?3y 
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oil.  The  oil  was  dried  iirder  hi^  vacuum  to  give  48  (1.3  g,  73%  yield) . 

^H  NMR  (90  MHz,  CDCI3)  5  6.7  (br,  NH)  ,  4.5-4.0  (AB  +  s,  4H)  ,  2.5 
(s,  (CH2)2,  4H),  1.4  (s,  Oij,  3H).  MS  (EI)  l^e  231  (M*)  ,  133  (45),  100 
(100) . 

Anal.  Calcd.  for  C^H^jO^N:  C,  46.76;  H,  5.68;  N,  6.02.   Found:  C, 

47.94;  H,  5.94;  N,  6.27. 
3-Brtanc>-4-succinoYloxvinethvl-4-methYl-2-oxazolidJnone  Sodium  Salt  (49) 

To  a  solution  of  48  (0.56  g,  2.17  mmol)  in  water  (3  mL)  was  added 
sodium  hydroxide  (0.213  g,  5.22  mmol)  and  the  mixture  was  stirred  for  30 
min.  Tto  this  solution  was  added  bronine  (0.35  g,  2.17  mmol)  drcpwise  at 
0-5°C  until  a  brown  cx>lor  persisted.  The  resulting  yellow  suspension 
was  further  stirred  for  30  min  and  the  precipitate  was  filtered.  Ihe 
precipitate  was  dried  to  give  49  (0.26  g,  36%  yield) .  This  product  was 
analyzed  by  iodanetric  titration  to  have  98  to  100%  bromine 
incorporation  per  mole  of  product.  The  aqueous  portion  was  freeze- 
dried,  and  it  was  found  to  contain  inonganic  salts  and  ring  opened 
products. 

^H  NMR  (60  MHz,  CMSOd^)  S   4.6-4.1  (AB  +  s,  4H)  ,  2.5  (s,  4H)  ,  1.4 
(s,  CHj,  3H).  MS  (EI)  ll\/e  253  fv[-CiifO^' )* ,    251  {^-difO^')*,    173  (11), 
100  (100). 
4- ffl-Diethvlamino^  ethvloxymethvl-4-methvl-2-oxazolidinone  (50) 

To  a  suspension  of  sodium  hydride  (1.89  g,  60%,  0.047  mmol)  in  dry 
CMF  (5  mL)  was  added  44  (3  g,  0.023  mmol)  over  30  min  at  room 
tenperature  and  the  resulting  suspension  was  warmed  for  1.5h  at  50-60  C. 
To  this  was  added  chloroethyldiethylamine  (0.023  mmol)  in  CMF  (5  mL) 
over  25  min  at  rocra  tenperature,  the   reaction  mixture  was  warmed  at 
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60°C  for  2h  and  allowed  to  stand  ovemi^t.  Ihe  resulting  mixture  was 
poured  into  ice/water  and  acidified  carefully  with  2M  HCl  to  pH  4-5  and 
extracted  with  chloroform  (2x50  mL) .  Ihe  aqueous  layer  was  brou^t  to 
pH  9-10  with  50%  sodium  hydrtaxide  solution  and  extracted  with  chloroform 
(2x25  mL) .  The  canbined  chloroform  layer  was  washed  with  saturated 
sodiim  bicarbonate  (2x25  mL)  and  dried  (NajSO^) .  The  solvent  was 
ev^xsrated  to  give  an  oil.  Ihe  oil  was  suspended  in  hexane  to  remove 
the  mineral  oil  and  remaining  oil  was  eluted  throu^  a  silica  gel  column 
(100-200  Mesh)  with  solvent  system  1  and  then  with  solvent  system  2  to 
give  two  major  caiponents  at  R^  0.54  and  0.28  (TIX:;  solvent  system-1)  in 
8:2  ratio.  Ihe  hi(^  R^  coiponent  was  found  to  be  mono  O-alkylated 
product  50  (1.95  g,  33%  yield)  ;  up  74-75°C.  Ihe  low  R^  corponent  (oil) 
was  found  to  be  diaUcylated  product  (9%  yield) . 

High  R^  catponent  (50):  ^H  NMR  (90  MHz,  CDCI3)  S  7.5-7.4  (br,  NH) , 
4.5  and  4.0  (J^=9  Hz,  2H) ,  3.4-2.85  (m,  lOH) ,  1.5-1.3  (  m,  9H)  ;  "c  NMR 
(74.5  MHz,  CMSO-d^)  5  158.23  (OO) ,  70.17  (3rd  C) ,  63.14  (ring  CHj) , 
62.79  (CH2O),  51.28  (OCEfH^)  ,  47.17  (CHj)  ,  37.97  (CHj)  ,  20.14  (CHj)  , 
10.50  (CHgO^).  IR  (neat)  3200  (b,  N-H) ,  1740  (s,  CO),  750  (N-H  out  of 
plane)  cm\   MS  (EI)  230  (M*) ,  158  (10),  100  (10),  86  (100). 

Anal.  Calcd.  for  q^H^OjNj:  C,  57.24;  H,  9.83;  N,  12.14.  Found:  C, 
57.23;  H,  9.83;  N,  12.09. 

Low  R^  corponent;  ^H  NMR  (90  MHz,  CDCI3)  5  4.5  and  4.0  (J^=9  Hz, 
2H),  3.4-2.85  (m,  18H) ,  1.5-1.3  (m,  15H)  ;  MS  (EI)  xa/e  329  (M*) ,  300 
(20),  229(18),  86(100);  IR  (neat)  1740  (OO)  CM"\ 

Anal.  Calcd.  for  C^tHj^O^-  C,  61.97;  H,  10.71;  N,  12.75.  Found:  C, 
70.83;  H,  10.72;  N,  12.27. 
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4-  f  fl-Methvldiethvlainmonium^  ethvloxvmethvl-4-methvl-2-oxazolidinone 
iodide  (51) 

Ccnpourd  50  (0.25  g,  1.1  innol) ,  methyl  iodide  (0.213  g)  and  sodium 
carbonate  (few  crystcils)  were  stirred  in  dry  chloroform  (5  mL) 
ovemi^t.  The  solvent  was  evaporated,  the  residue  was  dissolved  in 
methanol  and  insoluble  substances  were  filtered  off.  Ihe  filtrate  was 
evaporated  and  the  resulting  v*iite  solid  was  crystallized  from 
methanol/ethyl  acetate  to  give  51  (76%  yield) . 

hi  MNR  (90  MHz,  Up)  S  4.5  and  4.0  (J„=8  Hz,  2H)  ,  3.6-3.2  (m, 
(aij)^,  lOH),  3.1  (s,  N*CHj,  3H),  2.5-1.4  (m,  6H)  .  MS  (FAB)  ra/^  245  (M*, 
100),  158  (35). 

Anal.  Calcd.  for  qj^sOj^zIO-  "2°=  ^'  37.78;  H,  6.83;  N,  8.34. 
Found:  C,  37.82;  H,  6.63;  N,  7.15. 

4-  f  fl-DodecvldiethvlamnDnium)  ethvloxvmethyl-4-inethvl-2-oxazolidinone 
bronide  (52) 

•Die  solution  of  coipound  50  (0.1  g,  0.43  iirool)  and  bromododecane 
(0.3  g,  1.4  narol)  in  CHjCN  (5  mL)  was  heated  at  refluxed  for  24h.  Ihe 
volume  of  the  solvent  was  reduced  to  one  quarter  original  and  ethyl 
ether  was  added.  White  crystals  of  52  were  collected  (0.44  g) .  H  NMR 
(90  MHz,  CDjCN)  S  5.1-5.05  (br,  NH) ,  4.3-3.85  (J„=8  Hz,  2H) ,  3.8-3.15 
(m,  12H),  1.8-1.11  (m,  29H) ,  0.8  (t,  3H)  .  MS  (FAB)  i^e  399  (M*,  100), 

367  (8),  155  (10). 
N-Benzoxvformovl-4-hvdroxvinethvl-4-inRthvl-2-oxazol idinone  (86) 

Tto  a  solution  of  50  (2  g,  15.3  mmol)  and  sodium  carbonate  (0.8  g, 
15.3  mmol)  in  water  (10  mL)  was  added  chlorobenzyl formate  (2.6  g,  15.3 
mmol)  at  5°C  and  the  solution  was  stirred  for  45  min.  The  product  was 
extracted  with  methylene  chloride  (2x25  mL)  and  the  solvent  was 
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ev^xDrated  to  give  an  oil .   Ihe  oil  was  k^jt  under  hi(^  vacuum  at  60  C 
to  rencve  the  residual  benzyl  alcohol.    Ihe  resulting  oil  was 
chranatographed  throu^  silica  gel  (100-200  Mesh)  using  solvent  system  1 
to  give  a  colorless  oil  of  84  (70%  yield) . 

Hi  NMR  (60  MHz,  CDCI3)  S   7.4  (s,  Hi,  5H) ,  4.4-3.9  (AB  and  s,  4H) , 
1.30  (S,  3H).  MS  (EI)  nv/e  266  (M+1) ,  191  (30),  100  (80),  91  (100). 
4-M?>1nnyloxymethYl-4-inethyl-2-oxa2olidinone  (86^  (attempted) 

Ito  coprpourd  44  (1.0  g,  7.6  mmol)  in  CHjCN  (2  mL)  was  added  malonyl 
chloride  (0.56  g,  7.6  mmol)  and  stirred  at  50°C  for  4h  The  reaction 
mixture  was  poured  onto  ice  (5  g)  and  the  aqueous  layer  was  washed  with 
chloroform  (2x15  mL) .  The  aqueous  layer  was  evaporated  to  dryness  to 
give  an  oil.  Ihe  ^H  W!R  of  the  crude  oil  showed  the  presence  of  product 
(86) ,  but  it  was  not  pure  enough  to  isolate  the  product  easily. 
Attenpts  to  crystcillize  the  product  from  the  crude  oil  were  not 
successful. 

Ihe  above  reaction  was  attteitipted  under  various  conditions  in  the 
presence  of  pyridine,  triethylamine  and  pyridine  and  each  time  no 
desired  product  was  obtained. 
4-Methvl-2-oxazolidinone-4-methvloxyacetic  acid  (87)  (attempted) 

(i)  Use  of  sodium  hydride.  To  a  suspension  of  sodium  hydride 
(60%,  3.12  g,  0.078  nol)  in  dry  CMF  (15  mL)  was  added  44  (5.0  g,  0.038 
irol)  in  CMF  (20  mL)  over  30  min  under  positive  argon  atmosphere,  at  room 
teirperature.  Ihe  reaction  mixture  was  wanned  at  70°C  for  2h,  and 
allowed  to  stand  ovemi(^t. 

Ihe  reaction  mixture  diluted  with  methanol  and  insoluble 
ccnponents  were  filtered.   Ihe  filtrate  was  evaporated  to  dryness,  the 
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solids  were  cLLssolved  in  water  and  acidified  to  pH  4  with  cxancentrated 
hydrtx±aoric  acid.  Ihe  solution  was  washed  with  ethyl  ether  and  the 
aqueous  layer  was  evaporated  to  dryness  to  give  dark  solids,  ''h  NMR  of 
the  solid  showed  the  presence  of  mixture  of  products  including  the 
desired  one.  The  crude  solid  was  suspended  in  acetone  and  the  insoluble 
portions  were  filtered.  The  filtrate  was  evaporated  to  give  a  thick  oil 
ani  the  \i  NMR  of  this  oil  showed  a  pattern  for  two  products  and 
unreacted  starting  materials.  Further  isolation  and  purification  of  the 
desired  product  frcra  the  pool  of  products  was  not  attenpted. 

rii^  Use  of  n-Butvn  ithium  fn-BuLi) .  The  above  reaction  carried 
out  with  n-butyllithium  in  HMPA/THF  produced  ring  opened  products  (  H 

NMR). 

fiii>  Reaction  with  neat  iodoacetic  acid.  The  reaction  (i)  was 
carried  out  with  iodoacetic  acid  in  the  absence  of  a  base,  but  gave  no 
e^jpreciable  reaction. 

50 

3a .  7a-Diinethvltetrahydroimidazor  4 .  S-d]  imidazole-2 . 5-dione — 
r54faK  dimethvlalvcouril) 

Urea  (35  g,  0.58  nmol)  and  methyl  diketone  (20  g)  was  stirred  with 
water  at  roan  tenperature.  for  3  to  4  days.  The  resulting  white 
precipitate  was  filtered  and  washed  with  excess  water.  The  crude  solid 
was  suspended  from  hot  dimethylsulf oxide,  filtered  and  washed  with 
excess  methanol  to  give  54  (30  g,  61%) . 

Hi  NMR  (90  MHz,  neo-d^)  S  7.0  (br,  NH),  1.3  (s,  CHj)  ;  ^H  NMR  (90 
MHz,  TEA)  S  7.0  (br,  NH)  ,  1.3  (s,  CHj)  ;  MS  (EI)  li^e  171  ((M+1)*),  129 
(27),  111  (65),  86  (100). 
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1.3.6. 8-TetrabrCTno-3a .  7a-<^  i  methYlhYdroimidazo  F  4 . 5-d1  ljd.dazole-2 . 5- 
dione  f54fbn 

Tto  54(a)  (0.85  g,  5  mmol)  and  sodium  hydroxide  (1.12  g,  28  mmol) 

in  water  (5  mL)  was  added  bronine  (3.5  g,  22  iimol)  at  5°C  and  the 

mixture  was  stirred  for  20  min.  Ihe  resulting  faint  yellcw  precipitate 

was  filtered  and  washed  with  fresh  water,  and  the  product  was  dried 

under  vacuum  to  give  54(b)  (1.4  g,  58%) .   The  product  was  found  to  be 

only  soluble  in  warm  methanol  with  decaiposition,  trifluoroacetic  acid, 

warm  water  (sparingly  soluble) .  The  product  reacted  rapidly  on  additicai 

dimethylsulfoxide-d^.   The  ^H  NMR  ^jectrum  was  obtained  a  few  minutes 

after  pr^jaraticai  of  sanple  with  deuterated  methanol  confirmed  the 

structure,  m.p.  187-193°C  (deccnp.).  lodanetric  titration  showed  4  mole 

braoine  per  mole  of  corpound  54  (b) . 

^H  NMR  (60  MHz,  CE^D)  <S  1.5  (s,  2  X  CHj)  . 
Monosubstitution  of  dimethvlalvcouril  (attempted) 

(i)  Use  of  formaldehyde.  Formaldehyde  (30  mL,  37%  HCHO)  and 
glycouril  (5  g,  29.4  imol)  in  water  (130  mL)  were  stirred  ovemi(^t. 
The  resulting  soluticxi  was  filtered  and  the  filtrate  was  evaporated  to 
dryness  give  an  amorphous  solid.  The  ^H  NMR  spectrum  of  the  solid 
showed  that  polyhydroxymethylaticai  had  occurred.  The  product  mixture 
decarposed  cxi  standing  at  rocm  tenperature  for  3  to  4  days. 

^H  NMR  (90  MHz,  D2O)  6   4.4  (s,  a8H)  ,  1.4  (s,  4H)  ,  1.3  (s,  2H)  . 

Method  (i)  was  carried  out  with  equimolar  formaldehyde  at  various 
conditions.  The  reaction  mixture  showed  pol^iiydroxylated  and  unreacted 
54(a)  was  cbtained  (^H  NMR) . 
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fii)  Use  of  bronoacetate.  Dimethyl  glycouril  (5  g,  29.4  mol)  was 
added  instantly  to  sodium  hydride  (60%,  0.30  g,  7.35  mmol)  in  CMF  (20 
mL)  and  stirred  for  Ih  at  50°C.  The  solution  was  warmed  for  another  2h 
at  60-70°C  and  brought  to  roan  teitperature.  Branoacetate  ester  was 
aA^<>H  to  above  suspensic^  over  20  min  eind  heated  to  60-70°C  for  3h.  The 
reaction  was  followed  by  TLC  (methanol/ethyl  acetate/aimoiia  15:80:5) . 

The  reaction  mixture  was  filtered  and  the  filtrate  was  evaporated 
to  give  a  cnide  semi-solid,  \.*dch  was  precipitated  with  addition  of 
acetone.  The  ^H  NMR  of  the  solid  shewed  only  a  singlet  at  S  3.5,  tut 
lacked  CHj  and  CXHjCHj  signals  of  the  product.  The  product  thus  isolated 
deocnposed  c»i  standing  at  roan  tenperature. 

Repeated  attenpts  using  potassium  carbonate,  LDA  and  n-aoLi  under 
various  ccaxiitions  failed  to  yield  the  desired  product. 

(iii^  Use  of  succinic  anhvdride.  Succinic  anhydride  (1.47  g,  14.7 
nraol)  and  54 fa)  (2.5  g,  14.7  nmol)  in  pyridine  (10  mL)  were  stirred 
under  dry  conditions  at  40-50°C  over  2  days.  The  reaction  was  stepped 
and  the  insoluble  portiai  was  filtered.  The  precipitate  and  filtrate 
were  dried  under  vacuum.  The  spectral  data  (^H  NMR)  were  not  indicative 
of  the  desired  product.  The  product  obtained  fron  evaporation  of 
pyridine  showed  the  presence  of  succinic  acid  pyridiniura  salt. 

fiv)  Use  of  N.N-dimethvleneammonium  iodide  (Eschenmoser's  salt). 
Eschenmoser's  salt  (1.11  g,  6  nmol)  was  added  to  54 fa)  (1  g,  6  mmol)  in 
methanol  (10  mL)  and  followed  by  a  few  drops  of  acetic  acid.  The 
reaction  mixture  was  stirred  at  roan  tenperature  ovemi^t  and  allcwed 
to  ocxTtinue  for  another  day  at  50°C.  Unreacted  starting  material  was 
filtered  out  and  the  filtrate  was  evc^x)rated  to  give  a  faint  yellcw 
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solid.   ^H  NMR  of  the  solid  showed  singlets  at  5  4.4  and  S    2.5,  not 
indicative  of  the  coupled  product.   Mass  ^jectral  data,  ^/e   323  (M ) , 
219  (100)  did  not  correspond  to  the  expected,  product. 

The  above  procedure  was  r^jeated  with  acetoiitrile  as  the  solvent 
and  in  the  absence  of  acetic  acid.  The  product (s)  isolated  shewed 
spectral  data  that  were  unreascaiable  for  the  desired  product. 

Riysiccil-Cheniical  Studies 
Excessively  ChaTTfpd  Nucleochilic  Reactivators 
Preparation  of  buffer  solution 

Sodium  acetate  buffer  (0.5  M) ,  pH  5.36  was  prepared  by  dissolving 
6.81  g  sodium  acetate  (NaAc.  2H2O)  in  100  mL  of  deionized  water 
containing  0.2  mL  of  ccax:entrated  sulfuric  acid. 

Borate  buffer  (0.2  M) ,  pH  8.3  was  pr^ared  by  dissolving  3.025  g 
of  boric  acid  and  0.1905  g  of  sodium  borate  in  100  mL  of  deionized 
water. 

Bicarixaiate/carbonate  buffer  (0.2  M) ;  pH  9.0  to  10.8  was  pr^jared 
by  mixing  sodium  carbonate  (0.2  M)  and  sodium  bicarbonate  (0.2  M) 
together. 
The  pkp  determination  of  hydroxamic  acid  and  oxime  EQg^  ccmnpounds 

The  pikg  of  BCNR  (14  to  19)  were  determined  spectrc^otanetriccilly 
at  fixed  reagent  and  buffer  ocaicentrations  in  the  absence  of  co- 
surfactants.  Carbonate-4)icarbaTate  and  pho^iiate  buffers  ranging  frcm 
pH  5.0  to  12.0  were  pr^ared  at  0.03M  and  0.0»!  concentrations. 
General  method:  A  ccnstant  volume  (100-200  ^jlL)  of  aliquot  frcm  a  fixed 
stock  soluticai  of  EQIR  was  added  to  2.5  mL  of  buffer  solution  in  a  UV 
cell  and  equilibrated  at  35°C  ±  1°C  for  about  30  min.   The  absorpticn 
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^aectra  of  equilibrated  solutions  were  determined  frcm  190  to  600  nm  at 
different  pHs.   Hie  pH  of  the  soluticai  was  determined  before  and  after 
photcmetric  measurenents  in  order  to  ensure  a  constant  pH. 

Ihe  absorbance  maxima  for  the  anionic  ^Decies  were  plotted  against 
pH  of  the  buffer  soluticxi.  Sigmoidal  curves  were  obtained  and  pk, 
values  were  ccilculated  based  an  three  determinations  arcund  the  point  of 
half -neutral  izaticxi  using  the  equation  : 


[^Gbsd  ~  AninJ 


Where  A^,  A^rin  ^'^  \bBd   ^^  respectively  the  absorbance  values  of 
the  caipletely  icaiized,  undissociated  and  the  partially  dissociated 
(absorbance  at  pH  measured)  of  a  nucleophile  vinder  the  concentration 
investigated. 
Critical  micelle  concentration  determination  of  EQJR. 

A  predetermined  aircunt  of  concentrated  stock  soluticn  (alO  M)  of 
a  ECNR  ccrpound  was  micrcpipeted  into  a  UV  cell  containing  2.5  mL  of 
buffer  (fixed  strength) .  The  solutioi  was  equilibrated  for  20  min  and 
usirq  a  ^jectrofluorcmeter  the  solution  was  excited  at  a  wavelength,  and 
the  emission  intensity  was  recorded  at  its  ^.  The  emissiOTi  intensity 
was  plotted  against  the  concentratiai  of  EO^R  and  the  inflection  point 
in  the  curve  determined  as  the  criticeil  micelle  concentration. 
Kinetic  studies  of  organochosphate  triesters  by  ECMR 
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Kinetic  studies  of  oroanophosphate  triesters  by  EC^R 

The  stock  solution  of  oximes  (JL6  to  li)  and  hydroxamic  acids  (14. 
15)  were  made  by  dissolving  accurately  wei^ied  (about  0.05  g)  amount  of 
pure  samples  in  deionized  water  (2  or  4  mL)  to  give  a  concentration 
around  3  x  10'^.  Ihe  axime  (21,  22)  were  dissolved  in  50%  v/v 
water  rethanol.  The  1%  v/v  solutions  of  Paraoxcxi  and  octyl  methyl  4- 
nitrcphenyl  phosphate  were  ma^ie  frcm  pure  sanples  by  dissolving  in 
dioxane  and  stored  in  sealed  anpule's  at  +5°C. 

Hydrolysis  of  Paraoxon  and  octyl  methyl  4-nitrcphenyl  phosphate 
produces  p-nitrcphenolate  ion  (V,^  =  400  nra) .  Therefore,  absorbance  at 
400  nm  was  followed  spectrophotcmetriccilly,  using  a  Hewlett  Packard  8451 
Diode  Array  spectrcmeter  equipped  with  a  microprocessor.  All  reactions 
were  ceunried  out  in  buffer  systeans  of  icxiic  strength  0.12  or  0.25  (0.03M 
and  0.05M) .  The  concentration  of  ECNR  was  varied  from  1  x  10  ''^  M  to  10' 
'  M,  maintaining  a  constant  pho^iiate  triester  cc»x3entraticai  (5.0  to  6.5 
X  10  ''  M)  in  order  to  provide  psajdo  first  order  reacticxi  conditions. 

General  method  1.  A  predetermined  amount  of  concentrated  ECNR 
solution  was  micropipeted  to  2.4  mL  buffer  and  equilibrated  for  Ih  in 
the  thermostatted  UV  cell  holder  at  the  teaiperature  investigated.  The 
reaction  was  started  by  adding  2  to  5  /iL  of  1%  pho^Dhate  ester  solution. 
The  absorbance  of  product  was  measured  at  every  0.25  or  0.5  or  1.0  or 
5.0  or  10.0  min  intervcils  with  the  lise  of  a  Basic  kinetic  program 
ocntrolled  by  a  microprocessor,  run  on  the  ^sectraneter.  The  reaction 
was  followed  for  a  minirnum  of  3  half  lives  (or  4h) .  The  rate  constants 
were  calculated  frcm  half  lives  obtained  frcm  semi-logarithmic 
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correlation  of  A^-A^  against  tinae  (A^  is  the  absortaance  at  time  t  and  A. 
the  end  absorbance  of  the  reac±icn)  fran  the  data  obtained  over  60  min 
of  reaction,  usirig  a  Texas  Instnanent  T1-5511I  prograimiable  calculator. 
The  Aj,  was  measured,  in  general,  eifter  98%  ccnpletion  of  the  reacticn  or 
in  seme  cases,  ceaculated  fran  the  czdibration  plot  of  absorbance  (A) 
against  concentration  of  4-nitrophenol . 

All  experiments  were  run  in  di^licate  and  tabulated  data  r^resent 
the  average  of  these  experiments.  A  oorrelatioi  coefficient  of  0.998  ± 
0.001  was  obtained  at  each  run.  The  standard  deviation  between  each 
trial  was  less  than  5%  The  buffer  hydrolytic  rates  for  each  of  the 
pho^iiate  esters  were  measured  at  each  testperature  and  pH  investigated, 
v*ien  not  negligible  these  vcilues  were  subtracted  fran  the  rate  of 
nucleophilic  (ECNR)  hydrolysis.  The  pH  of  the  reacticxi  medium  was 
cijecked  before  and  after  reaction  to  make  sure  that  the  pH  remained 
omsteuit. 

Owing  to  the  extreme  toxicity  of  both  Paraoxcn  and  octyl  methyl  4- 
nitrophenyl  pho^iiate  the  reactions  were  carried  cut  in  screw  c^ped  UV 
cells  sealed  with  parafilm.  The  addition  of  phosphate  ester  to  the 
reaction  cell  was  made  under  hi^  draft  haod  and  all  glass  apparatus  was 
handled  with  thick  rutter  gloves.  All  syringes,  glassware  and  UV  cells 
that  used  were  decontaminated  with  2%  aquecus  NaCH.  ' 

Effect  of  teanperature.  Ihe  method  described  above  for  the  pseudo 
first  order  process  was  carried  out  at  different  tenperatures  such  as 
25°C  and  35°C.  In  cases  of  turbidity,  a  very  smcdl  amount  (2  to  3  mL) 
of  0.2M  CEAB  was  used  to  bring  clarity  to  the  soluticai. 
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Effect  of  cetvltriinethYlanimonium  brtanide  (CTPB) .  A  stock  soluticai 
(0.2  M)  of  CTAB  was  made  by  dissolving  18.223  g  of  pure  saitple  (Aldricii) 
in  250  mL  of  deicaiized  water.  Ihe  effect  of  CIAB  en  the  reaction  rate 
was  investigated  usirg  genercd  method  1  belcw  and  above  the  CMC,  by 
adding  a  predetermined  amount  of  CIAB  solution  to  the  reacticxi  medixjm 
prior  to  the  addition  of  pho^iiate  esters.  The  rate  ccaistants  were 
calculated  as  described  in  Method  1. 

Ihe  pH  rate  profile.  The  kinetic  run  was  carried  out  using  method 
1  at  various  buffer  pHs  with  a  fixed  buffer  concentrations.  A  series  of 
buffer  solutions  at  range  of  pH  7.5  to  11.2  were  made  fron  concentrated 
buffers  with  a^^rcpriate  dilutions.  The  observed  rate  constants 
measured  were  corrected  for  buffer  hydrolysis  if  not  negligible  and 
releated  to  the  active  nuclecphile  (anionic  species)  concentration,  at 
the  pH  investigated. 
Determination  of  order  kinetic  process 

The  procedure  was  essentially  the  cane  used  in  method  1.  The 
relative  cmcentraticai  of  [ECNR]  as  or  3  x  [phosphorus  ester] .  Reacticyi 
was  allowed  until  a  clear  cut  non-linearity  was  seen  in  the  first  order 
prxx:ess.  With  rapid  reactions,  following  ocrplete  destruction  of 
phosphate  ester  an  additicaial  quantity  of  phosphate  ester  was  added  to 
the  reaction  mixture  and  the  reactioi  rate  was  determned.  The 
seDU-logarithmic  plots  cbtciined  cr\  plotting  \-\  against  time,  in  all 
cases,  indicated  non-linear  rate  profiles.  Second  order  rate  constants 
were  obtained  fron  the  slope  of  the  plot  of  l/[phosphat  substrate] 
against  time. 
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Kinetic  gtiviipg  of  the  hydrolysis  of  phosphate  diester  and  phcasrjionate 
monoanions  (aged  AchE  models)  by  EQJR  oonpcxn-ds. 

Stock  solutions  (10'^  M)  of  alkyl  (or  aryl)  4-nitrcFhenyl 
phosphates,  phenyl  4-nitrophenyl  phosphcxTate  and  Bis-2 , 4-dinitrcphenyl 
pho^iate  were  made  by  dissolving  accurately  weighed  (-0.03  g)  pure 
sanple  in  methanol  (1.0  to  2.0  mL) .  The  stock  solutions  were  stored  at 
+5*0  in  sealed  vials  in  order  to  minimize  self  deccnposition. 

All  reactions  were  carried  out  essentially  using  methods  1  or 
otherwise  stated  at  constant  buffer  concentrations,  and  at  constant  pH 
in  the  rar^e  of  8.0-10.0.  The  concentratioTS  of  phosphate  diester  used 
(6  X  10''  to  1  X  10'*  M)  were  sli(^tly  higher  than  those  used  for 
phosphate  triesters,  but  maintained  pseudo  first  order  reaction 
conditions.  All  kinetic  runs  except  bis-2,4-dinitrcphenyl  pho^iiate 
hydrolysis  were  ncnitored  at  400  nm.  Slew  reactions  and  buffer  only 
hydrolysis  of  diesters  were  monitored  over  7  to  12  days,  in  sane  cases 
over  a  m^rth,  in  a  water-bath  set  at  the  taoiperature  investigated. 

Ihe  end  point  absortoances  (AJ  of  slew  reactions  (half  life  >  10 
days)  were  estimated  frcm  the  calibration  curves  by  plotting  absorbance 
(A)  against  concentration  of  4-nitrophenol  at  conditicns  investigated. 
First  order  rate  constants  were  calculated  mostly  fron  the  half  lives 
obtained  fron  semilogarithmic  plot  of  A,-A^  against  time  or  by  the 
"initial  rate  method"  fron  the  slopes  of  the  linear  plots  of  optical 
density  against  time  by  oonvertixig  to  concentration  imits  (€l=  17,925  at 
pH  9.3)  and  dividir^  by  initiaLL  phosphate  ester  concentration.  Kinetic 
data  tabulated  r^resents  the  average  of  two  of  these  experiments.  Ihe 
correlation  coefficient  for  each  determinatioi  was  0.996  ±  0.003.   Ihe 
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standard  deviaticn  between  each  trial  was  less  than  5%. 

A  miniinura  amount  (2  to  3  nL)  of  CIAB  (0.2M)  was  added  to  reac±icai 
mixture,  in  sane  cases,  in  order  to  clear  turbidity  of  the  soluticxi 
without  altering  the  reactivity  of  ECNR. 

Rate  measurement  of  bis-2 . 4-dinitrochenvl  phosphate  (33) (method 

21.  A  slightly  different  procedure  than  the  one  used  for  other 
phosphate  diesters  was  applied  to  investigate  the  hydrolysis  of  bis-2, 4- 
dinitrr^phenol  phosphate.  Hydrolysis  of  bis-2 , 4-dinitrophenyl  pho^hate 
to  inorganic  salt  is  a  two  stage  (bi-phasic)  reaction  for  v*iich  rate 
constant,  K,  of  the  first  stage  is  required.  Under  the  conditions 
investigated  Ehase  I  was  found  to  be  more  rapid  than  Phase  II. 
Therefore,  the  end  point  of  Phase  I,  ccaiversion  of  diester  anion  to 
TnTYV-^pg^-or-  dianicn,  was  determined  using  a  ccdibration  curve  plotting 
absorbance  against  concentration  of  2,4-dinitrcphenol.  In  an 
alternative  approach,  10  mL  (0.1086  units)  of  E.  coli  aUcaline 
phosphatase  (Sigma)  in  0.01  M  (imt^^^  was  added  to  the  aged  reaction 
mixture  so  that  any  2 , 4-dinitrophenyl  phosphate  was  rapidly 
hydrtJlyzed.^  Ihe  A.  f or  the  Phase  I  reaction  was  taken  as  half  of  the 
absorbance  (at  350  nm)  measured  at  the  end  of  the  reaction.  \ 
calculated  by  both  the  methods  were  in  close  agreement.  A  semilograph 
plot  of  A^  against  time  was  used  to  ensure  the  accuracy  of  end  point 
determination.  Rate  constants  for  Phase  II,  conversion  of  2,4- 
dinitrophenyl  pho^iiate  dianicxi  to  inorganic  pho^ahate,  were  also 
calculated  at  pH  >  9.4. 
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The  effect  of  cx>-surfactants.  Predetermined  amount  of  CIAB  (0.2 
M)  was  added  to  the  reaction  mixture  at  t=0  and  the  rate  constants  were 
calculated  at  pH  9.4  ±0.1  for  many  diester  phosphates.  A  blank  kinetic 
run  for  reaction  mixture  containing  CIAB  and  diester  pho^iiate  was 
carried  out  for  every  condition  investigated. 

With  slow  reactions,  addition  of  CIAB  was  made  after  obtaining 
enough  data  points  for  determination  of  initial  rate  constant.  The  rate 
constant  for  the  reactioi  in  the  presence  of  CEAB  (belcw  and  above  its 
CMC  at  pH  9.4)  was  calculated  by  monitoring  the  reacticxi  over  5  to  7 
days. 

N-Brtminatina  Agents 
■?^^frUTtY  determination  of  N-brctno  conpoiTYi^  at  various  buffers 

General  procedure  A.  N-Brouinating  agent  (0.01-0.02  g)  was 
accurately  wei^ied  and  dissolved  in  5  mL  buffer.  Ihe  soluticais  each 
were  diluted  to  50  mL  with  the  corresponding  tuf  fer  and  stored  in  the 
dark  at  rtxm  temperature.  Five  millileter  adiquots  were  taken  at 
predetermined  time  intervals  after  storage  and  analyzed  for  positive 
brtxnine  (Br*)  concentration  by  iodcmetric  titratic»i  using  standardized 
sodium  thiosulfate  relative  to  a  blank  sanple.  The  half  lives  of 
stabilities  of  the  N-brano  ocnpounds  tested  by  this  method  were 
czQculated  from  the  plot  of  %  branine  against  time. 

General  procedure  B.  A  stock  solution  of  N-brcminating  agent  («  5 
X  10'^  M)  was  prepared  in  deionized  water  or  buffer.  The  solution  was 
stored  in  an  amber  bottle  at  roan  tenperature.  A  200  ^  of  saitple  was 
withdrawn  at  predetermined  time  intervcLLs  and  diluted  with  2.5  mL  buffer 
solxition  in  a  1  C3n  thick  UV  cell  and  equilibrated  at  35°C  for  5  to  10 
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min.  Ihe  change  in  the  ccr>centration  in  N-brcminating  agent  (Br*)  was 
determined  either  by  ncnitoring  the  absorbance  of  the  cxxipound  or 
hypcbrtanite  ion  (OBr',  334  nm)  relative  to  a  sanple  at  time  zero  in  the 
corre^xxxiing  buffer.  The  results  are  plotted  as  percentage 
conoentration  against  time  to  give  in  general  a  semi-logarithmic  plot, 
and  the  half  lives  were  determined  frcrn  the  plot. 
lodcnvetric  titration'^ 

Ihe  indirect  iodine  method  was  applied  to  determine  the  active 
brtmine  in  aquecxis  solutions.  Ihe  method  was  based  on  the  following 
equations: 

RN-Br  +  H*  +  21'  -  RN-H  +  Br*  +  Ij 
I2  +  2S20j^  "      -  21"  +  S^O^' 

The  iodide  is  oxidized  to  the  free  iodine  by  the  formation  of 
hypcbrtxnite  ion  frcm  the  N-bronirating  agent  in  the  aqueous  solution. 
Ihe  free  iodine  is  then  titrated  with  standard  thiosulfate  solution 
(0.02  M)  in  order  to  determine  the  active  bronine  (OBr")  in  solutiai. 
Two  moles  of  thiosulfate  are  consumed  for  every  mole  of  active  bronine 
in  the  indirect  iodonetric  titration. 

Reagents  and  solutions  pr^^ared  are:  (1)  sodium  thiosulfate 
solution  (1.00  ±  0.05  x  10"^  M)  frcm  anhydrcus  Na2S20j  ("Gold 
Label"  :Aldrich)  (b)  potassium  iodide  (iodate  free,  "Gold  label" 
(99.99%)  :Aldrich)  (c)  starch-iodide  paper  (Fisher)  (d)  glacial  acetic 
acid  (e)  standard  potassium  iodate  solution  (0.3075  g  dry  KIOj  dissolved 
in  deicxiized  water  to  a  total  volume  of  100  mL) . 


228 
General  method. ^^  A  volume  of  5  to  10  mL  of  stock  solution  (10' 
M)  of  N-brcminating  agent  (or  accurately  weighed  ss0.03  g  of  solid  in  10 
mL  deicaiized  water)  was  transferred  to  a  scintillation  vial  or 
Erlenmeyer  flask  and  about  10  mL  deionized  water  was  added,  follcwed  by 
0.2  g  of  iodate  free  potassium  iodide  and  1  mL  of  glacial  acetic  acid. 
Ihe  solutioi  was  ki^rt:  at  35°C  for  10  min  and  the  librated  iodide  was 
titrated  with  standardized  (10'^  M)  Na^SjOj  solution  until  the  starch 
iodide  pe^jer  turned  fron  violet  to  colorless.  Brcsnine  content  was 
determined  as  an  average  of  two  determinations.  In  case,  vAiere  the 
aqueous  insolubility  of  N-brono  ccnpound  was  experienced,  the  cotpound 
was  dissolved  in  minimam  amount  of  EMF  and  diluted  with  water.  Ihe 
error  in  the  determinaticai  of  brcmine  coitent  is  ±  3%. 

.c:^P.nHarrii7ation  of  sodjum  thiosulfate.^^  Ihe  sodium  thiosulfate 
soluticxi  was  standardized  by  titrating  aliquots  of  potassium  iodate 
solution.  Aliquots  of  potassium  iodate  were  added  to  a  125  mL 
Erlenmeyer  flask.  A  10  mL  portion  of  15%  KI  was  added  to  the  flask. 
■Hiis  was  followed  by  10  mL  of  6M  HjSO^.  Free  iodine  was  liberated  in 
the  soluticn  according  to  the  follcwing  equation: 

lOj'  +  51"  +  6H*  -  SHgO  +  3I2 

•mis  solution  was  then  titrated  with  NajSjOj  solution  until  the 
violet  color  of  starch-iodide  paper  almost  disappeared.  The  thiosulfate 
soluticxi  standardizaticai  was  checked  several  times  during  the  course  of 
ejqjeriments  described  above  to  make  sure  that  it  had  not  deteriorated. 
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Determination  of  equilibrium  constant  between  N-brcmosuccinamide  (NBS) 
and  N-brcgidnatinQ  agent. 

Ihe  equilibrium  constant  IC  was  determined  spectrcphotonetrically 
at  a  wavelength  (307  nm)  v*^ere  NBS  has  no  appreciable  absorbance  and 
unhindered  by  the  absorbance  ^sectrum  of  free  oxazolidinone.  The 
equilibrium  constant  was  calculated  using  the  equaticai  described  in 
Chapter  II.  All  initicil  ccax»ntraticns  of  N-^arcriinating  agents  were 
kppt  below  10"^  M.  Ihe  positive  brcmine  content  of  the  stock  solutions 
were  predetermined  iodcmetrically.  Standard  calibration  curves  of 
absorbances  of  NBS,  succinimide  and  N-brcminating  agents  were  determined 
at  various  wavelengths  incliiding  the  wavelengths  of  K^^  determination. 

Ihe  reaction  was  started  by  additicxi  of  succinimide  (10'  M)  to  N- 

brcminatirg  agent  (a  equal  molar)  in  2.5  mL  buffer  solution  in  a  3  mL 

screwcapped  UV  cell  (1  cm  path  length).   Ihe  cell  was  equilibrated  in 

the  cell  coipartanent  at  25°C,  and  the  absorbance  c±ianges  were  monitored 

at  wavelengths  of  interest  until  the  equilibrium  (no  ^jpreciable  changes 

in  absorbance  spectrum)  was  reached.  Each  K^^  value  that  is  listed  in 

Table  2-16  is  an  average  of  four  trials  within  0.03  difference. 

Estimation  of  release  of  active  brcmine  roBr"^  in  solutions  of  N- 
brcniinatina  agents  at  various  buffer. 

Aliquots  of  stock  solution  of  N-braninating  agent  were  added  to 

2.5  mL  buffer  in  a  UV  cell  to  make  up  a  concentration  around  10  M. 

Ihe  epical  density  was  recorded  at  ^  for  N-brcmo  ccsrpounds  and  ^ 

for  hypcbronite  ion  species  (338  nm)  at  constant  tenperature.   Ihe 

percentage  release  of  active  brcmine  (OBr')  fron  the  cxstpound  was 

measured  as  the  percentage  of  the  absorbance  valiies.  Ihe  absorbance  of 
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equivcilent  ooicentratiaTS  of  N-trcmo  cocazolidinoTe  eind  NaOBr  at  alkaline 
pH  are  similar/^ 
Kinetic  studies  of  Paracjxcan  hydrolYsis  by  N-farcminatina  agents 

■Hie  kinetic  runs  were  omrhirt-fyi  aoc3ortiing  to  the  method  (Method  1) 
described  for  hydrolysis  of  pho^iiate  esters  by  ECNR.  All  reactions 
were  carried  out  in  buffer  systems  of  ionic  strength  0.8.  Ihe 
conoentraticn  of  N-brcminating  agent  was  ki^rt:  at  10'^,  15  to  20  fold 
more  than  the  ccax»ntraticn  of  Paraaxon  (10'^  M)  in  order  to  achieve 
pseudo  first  order  ooTdition. 

The  reaction  was  started  by  adding  2  to  5  ^L  of  a  1%  v/v  solution 
of  PeurBoxon  in  dioxzuie  to  a  predeterm  i  ned  coioentraticMi  of  N-braninating 
agent  in  2.5  mL  buffer  at  the  teitperature  investigated.  Cue  to  the 
decccposition  tendency  of  the  N-brcminating  agent  in  the  buffer  solution 
equilibration  time  prior  to  addition  of  Paraoxcn  was  limited  to  5 
minutes. 

The  reaction  was  followed  for  a  minimLjm  of  3  hcLLf  lives  (or  4h) 

and  rate  ocnsteuits  were  ceLLculated  frcm  hcilf  lives  obtained  frcm 

semilogarithmic  correlation  of  A^,  -  A^  against  time.    All  stock 

solutions  of  N-brcminating  agents  were  checked  for  their  active  brcmine 

content  prior  to  use  and  values  were  corrected  accordingly. 

Reactivity  studies  of  N-brcminatina  agents  with  chloroethvl  ethvlsulfide 
(mustard  agent  model) 

Genercil  procedure  (G.C.   method) .   A  t=0,  the  stock  solution  (10' 

^  of  N-brcminating  agent  (400  mL)  was  added  to  40  mL  buffer  ocntaining 

40  mL  of  stock  solution  (10"^  M)  of  chloroethyl  ethylsulfide  in 

cyclchexcine  and  stirred  at  rocm  tenperature.  At  60  sec  intervals,  5  mL 
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aliquots  were  withdrawn,  shaken  with  1  mL  cyclohexane  in  a  scintillaticai 
vied  and  nustard  agent  was  extracted  into  the  cyclohexane  layer.  An 
excess  of  sodium  chloride  was  edded  to  the  scintillatioi  vial  to  iirprove 
extraction  efficiency.  Using  a  micropipet  ICX)  /iL  of  the  organic  phase 
was  transferred  into  a  seeded  anpule  for  GC  assay.  Diethyl  sulfide  and 
diisoprcpyl  sulfides  were  used  as  GC  standards  for  mustard  agent.  N- 
braninating  agent  =  1.0  x  10''  M  mustard  =  1.0  x  10"'  M 

GC  assay  f^^  Tnigt;^rd  agent. 
Colunm     :     chranosort*  101  80/100,  6'x  1/8' 
N^  flow     :     60  ml/niin 
Teaip  :     Column     :     130°C 

Injector  port  :   160''C 

Detector    :     200°C  (FID) 
Sanple  size  :     2  /xL 

Mustard  agent  retention  time  :     ~11  min 

Cyclohexane  retention  time    :     -5  min 

Formulation  of  tetrabrono  dimethvlalvoouril  f54fbn  with  hvdroxvprocfvl 
a-cyclodextrin  (HPCD)  solution 

A  50%  w/v  (or  33%)  HPCD  (obtained  fran  E!Tarmatec,  Inc.)  was  added 

to  tetrabrtno  dimethyl  glyoouril  (0.954  g)  in  a  miniitum  amount  and 

sCTiicated  until  coiplete  soluticxi  resulted.    Ihe  insoluble  micro 

particles  were  removed  by  f iltraticxi  thrcui^  a  sintered  glass  funnel  and 

the  filtrate  was  either  stored  in  an  airber  bottle  or  freeze-dried  and 

stored  in  the  dark.   Ihe  inclusion  corplex  was  assayed  for  active 

bronine  coitent  iodcmetrically  at  predetermined  time  intervals  and  the 
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valines  were  oaipeired  with  the  initial  cxxitent. 

Ihe  HPCD-tetrabranide  inclusion  cxuplex  was  pr^jared  with  buffered 

(borate,  pti    8.3,  0.2  M)  HPCD  solution  using  essentially  the  method 

described  above  and  the  active  bronine  content  was  ocnpared  with  that  of 

unbuffered  HPCD  ocnplex. 

Selective  oxidation  of  Va-^vdroxv  arcuD  in  cholic  acid  to  give 
3a.  12a-dihvdroxv-7-ketocholanic  acid  bv  NEM36  (47) 

Oxalic  acid  (Sigma,  0.43  g,  1  mnol)  was  dissolved  in  a  solution  of 

sodium  bicarbonate  (0.25  g,  3  ninol)  in  8  mL  of  water.  This  solution  was 

treated  with  a  solution  of  NEM3S  (1.25  equivzaents)  in  5  mL  water  at 

rxxm  tenperature  in  a  analogus  manner  to  that  described  for  NBS'^  and  3- 

brcino-4,4-dimethyl-2-oxazolidinty>e.^^   The  resulting  precipitate  after 

acidification  was  separated  and  the  unreacted  cholic  acid  was  removed  as 

a  precipitate  with  ethyl  acetate.  The  filtrate  was  evaporated  and  once 

agzdn  pxrecipitated  with  ethyl  acetate  and  the  final  filtrate  was  dried 

to  give  the  oxidized  product  (33%  yield) .   The  product  obtained  was 

found  to  be  identiccil  in  m.p.  and  Tli:  to  an  authentic  sarople  of  3a,  12a- 

dihydraxy-7-ketocholanic  acid  v*iich  had  been  pr^sared  by  oxidation  of 

cholic  acid  using  NBS  and  NBCMD  (42):  TDC  (acetone/1%  acetic  acid): 

R^=0.81;  m.p./106-110''C  (lit.*°'^  111-114  for  crude  product).   IR  (KBr) : 

3400,  2960,  1700,  1420,  1250  and  1050  an'\ 

%  NMR  ^»ctrum  of  the  product  was  found  not  to  match  that  of  cholic 

acid.   Mass  ^jectrum  (EI)  of  product  shewed  m/e   406  (M*) ,  407  (M*  +1) 

and  Tpaag  ^jectrum  (EE)  of  cholic  acid  shewed  w/e   408  (M*) ,  409  (M*  +1) . 


CHAPTER  IV 
SUMMARY  AND  COtKH^lCi^ 

The  excessively  charged  nucleophilic  reagents  (ECNR)  containing 
hydroxainate  and  oximate  nuclecphilic  heads  as  well  as  models  of  "aged" 
organc^hosphate  inhibited  acetylcholinesterase  were  designed, 
synthesized  and  characterized. 

Ihe  mast  cbvious  synthetic  route  to  the  pr^)aration  of 
(hydrx3xyimino)-l-al}03xycartxDnyniethylpyridinium  salts,  the  esterification 
of  the  corresponding  pyridinium-1-acetic  acid,  was  found  unsuitable.  A 
relatively  difficult  approach,  through  the  reacticxi  of  di  (or  loono) 
quatemized  bromoester  with  (hydroxyimino)  pyridine  in  the  final  stqp 
gave  target  oxime  ECNRs  in  moderate  yield.  New  approaches  and  routes 
were  used  in  the  synthesis  of  hydroxamic  acid  ECNR.  A  well  kncwn  method 
described  by  Kunitake  et  2lL.^°  for  the  pr^jaration  of  N-substituted 
hydroxamic  acid  gave  no  desired  product  in  this  case.  Instead  an 
approach  beginning  frcm  O^rotected  hydroxylamine  v*iich  in  three  direct 
st^ps  gave  N-ethyldiethylamine  substituted  hydroxamate  was  used.  Ihe 
hydroxamate  was  then  transformed  to  the  desired  product  14  in  a  three 
st^3s.  Ihe  rxDute  chosen  for  the  synthesis  of  hydroxamic  acid  ECNR 
involved  d^rotectioi  of  the  protecting  grtx?)  and  hydrogenaticn  of  the 
double  bcr»d  eill  in  one  fiDal  st^  instead  of  three  additicaial  st^js  that 
is  usually  required  otherwise.  Overall,  the  synthetic  scheme  provided 
pure  target  molecules  without  a  need  for  purification  through  the  icxi- 
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exchange  or  other  chroratographic  means  despite  the  lew  yield. 
Ftossibly,  use  of  3-(4-iraidazolyl)prcpiaiic  acid  instead  of  3-(4- 
imidazolyl)prcpeniCTiic  acid  and  short  reactioi  time  wculd  increase  the 
final  yield  by  reducing  the  side  reacticxi  formaticxi  of  Micheal  adduct. 

Organcphosphate  diesters  were  synthesized  conveniently  throu^  a 
new  procedure,  avoiding  dealJQ^latiai  of  triesters,  by  a  modified  method 
used  in  nucleotide  synthesis.  Ihe  direct  aDoaxylation  of  4-nitrcphenyl 
phosphodichloridate  and  subsequent  hydrolysis  of  the  intermediate 
provided  the  desired  form  of  the  diester.  Sane  new  organophosphate 
triesters  were  synthesized  using  a  method  described  by  Loew  and  lacey*. 

Sane  novel,  stable,  water  soluble,  lew  brotiine  potential  N-brano 
2-oxazolidinone  systems  were  prepared  losing  4^iydroxy-4-methyl-2- 
oxazolidinone  as  the  major  synthon.  Ihe  use  of  a  relatively  unconmon 
broainating  agent,  t-butyl  hypobronite,  provided  sodium  bronide  free  N- 
brono  catpounds.  A  versatile  precursor  to  water  soluble  and  surface 
active  N-broio  systems,  4-(^-diethylamino)ethyloxymethyl-4-methyl-2- 
oxazolidincaTe,  was  synthesized.  Attestpts  at  mono  substitution  of 
dimethyl  glycouril  with  solubilizing  grot^DS  were  not  fruitful.  Ihe 
major  problem  in  the  reacticsTS  is  the  insolubility  of  dimethyl  glyccuril 
in  eLll  reascxiable  solvent  systems. 

All  of  the  caticaiic  nuclecphiles  (oxime  and  hydroxamic  acid  ECNRs) 
showed  marked  reactivity  against  organc^iTO^iiate  triesters,  such  as 
Paraoxcn  and  octyl  methyl  4-nitrcphenyl  phosphate.  In  particular  the 
hydroxamic  acid  14  showed  acceleration  of  hydrolysis  of  octyl  methyl  4- 
nitrt^iienyl  phosphate  over  2.000  fold  with  a  second  order  rate  constant 
of  315.95  M'^  min"^  at  mild  basic  (pH  9.5)  ccMTditicHTS. 


235 
Ihe  hydroxamic  acid  ECNR  (14)  shewed  exc^Jticrial  rate  of 
enhancenent  over  1.700  fold  in  the  hydrolytic  cleavage  (tj^j^l^O  minutes) 
of  phenyl  4-nitrcphenylphoqphcaTate  anicxi  at  pH  9.5.  This  type  of  rate 
acoeleraticai  has  not  been  r^xDrted  for  any  kncwn  nuclecphilic  or 
catalytic  system  against  phosphorus  ester  mcxioanions.  OorpDund  14 
showed  pronounced  hydrolysis  of  bis  2,4-dinitrcphenyl  phosphate  over  1 
to  3  minutes  (4.000  fold  acceleration) ,  hcwever,  bis  4-nitrcphenyl 
pho^iiate  showed  relatively  low  reactivity  with  14.  Unexpectedly  lew 
reactivity  of  dodecyl,  octyl  and  other  long  chain  4-nitrcphenyl 
pho^iiates  suggests  that  tlie  hydrophobic  pho^iiate  diester  anions  are 
incorporated  de^  inside  the  micelle  far  frcm  the  reach  of  the 
nuclecphilic  head  of  the  ECNR.  The  oxime  ECURs  shewed  relatively  little 
reactivity  with  the  pho^iiorus  ester  mcnoanions. 

The  kinetic  evidence  suggests  that  the  reacticais  of  these  ECNRs 
with  pho^i^te  diester  and  pho^jhcxiate  mcMToaniesTs  are  mostly  governed  by 
the  electrostatic  interacticais  between  the  anionic  substrate  and 
catioiic  nucleophile  rather  than  the  hydrophobic  solubilization  in  the 
micelle.  It  e^pears  fran  the  molecular  modelling  that  the  reaction  of 
14  with  phosphate  monoanions  d^iends  largely  an.  the  effective 
interacticxTS  of  the  negatively  charged  phosphoryl  group  with  the 
positively  charged  tertralkylammtxiium  moiety  of  the  reagent.  The 
kinetic  process  seems  to  be  seccnd  oinder  with  respect  to  the 
corcentraticn  of  pho^xDrus  substrate  and  reagent. 

In  conclusicai,  the  overcill  reactieais  of  ECNR  with  a  phosphate 
iKMXsanion  (or  pho^iionate)  tend  to  support  the  hypothesized  mode  of 
acticxi:  (a)  neutrcilizaticHi  of  r^xilsive  charge  and  (b)  sinultanecus 
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attack  CMi  the  phosphorus  atan.   Sane  selected  BCNRs  fran  the  groups 
described  or  direct  analogs  of  these  reagents  will  be  tested  for  in  vivo 
and  in  vitro  reactivatic»i  of  poiscaied  aged  AChE. 

Ihe  N-broto  ccnpounds  (3^rcino-4-niethyl-2-oxazolidinone-4- 
yl)  methyl  sulfate  (47)  and  3-brano-4-suocinoyloxymethyl-4^nethyl-2- 
oxazolidinone  (49)  showed  high  stability  and  water  solubility  v*iile 
still  maintaining  the  apparent  necessary  structural  characteristic  of  a 
5-mentoered  ring.  Amaig  these  the  sulfate  (47)  showed  increased 
stability  in  buffered  solutions  and  hi^  reactivity  with  Paraoxon 
relative  to  the  hemisuocinoyl  analogue  (49) .  Catpcund  47  also  caused  a 
rapid  hydrolytic  cleavage  of  the  mustard  model,  and  e^^iears  to  have 
selective  reactivity  similar  to  the  widely  used  N-brcmosuccinimide  in 
other  reacticsTS. 

In  ccax:lusicxi,  the  low  brcndne  potentieil  ccnpounds  47  and  4^ 
exhibit  the  necessary  characteristics  as  stable  and  water  soluble 
sources  for  positive  branine.  However,  the  self  oxidizing  tendency  of 
the  succinoyl  analogue  (49)  in  basic  solution  sets  a  limit  to  its  use  as 
decontaminating  agent.  Despite  the  insolubility,  tetrabrcno  dimethyl 
glycouril  was  found  to  be  an  excepticxially  stable  source  capable  of 
prx3vidirQ  a  hi^  yield  of  active  branine  per  molecule.  Sane  selective 
manipulation  of  the  structurca  frame  to  include  distal  polar  grtx^as 
throu^  a  synthetic  strategy  that  involves  cxxidensation  of  unsyrametrical 
(N-substituted  urea)  or  symmetrical  (urea)  starting  materials  may  yield 
a  more  premising  universal  decontamincint. 
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